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NR 4 Hat which Ido here moſt 
SBS bymbly preſent to Yow 
= / ms vacred Majeſty, ii the 
na HE beſt Part of my Medi- 
EEE t4t0ns upon the Natural 
nin Cauſes of Events, both 
of ſuch as are commonly known, and of 
ſuch as have been of late artificially exhi- 
bited by the Curious. . 
| They are ranged under ſeven Heads. 
1. Problems of Gravity. 2. Problems 
of Tides. 3. Problems of Yacuum. 
4. Problems of Heat. 5. Problems 
of Hard and Soft. 6. Problems of 
Wind and Weather. 7. Problems of 
Motion Perpendicular , and Ob- 
| A lique, . 


Epiſtle Dedicatory: 


lique, Wc. 'To Which I have added , 
Two Propoſitions of Geom 
One #s, The Duplication of the Cube, 
hitherto ſought ini vain ; The other, 
A DeteCion of the abſurd Ule of 
Arithmetick, asit isnow applied to 
Geometry. 

The Doftrine of Natural Cauſes bath 
not infallible and evident Principles. For 
there 4s no Effet which the Power of 
God cannot produce by many ſeverd 
Þays, + 
' - But ſeeing all Effefts are produced by 
- Mition, tbe that ſuppoſing ſome one or 
10'e Motions can derive from them the 
neceſſity of that Efſe& whoſe Cauſe is rt- 

wired, has done all that us to be expeded - 
From 7 Natural Reaſon; 4nd though be 
prove not that the thing was. thus produ-. 
ced_ yet be proves that thus it may be pro- 
tt When the Materials, and the power 
of Moving i is in our bands ; which is as 
uſeful as if the Cauſes themſelves were 
wy And notwithſtanding the abſence 


of 


Epiſtle: Dedicatory. 
of rigorous Demonſtration, this C ontem” 
plation of Nature( if not rendred obſcur® 
byiempty terms) is the moſt Noble Im. 
ployment of the Mind that can be, to ſuch 
45 axe at leiſure from their neceſſary Bu- 

ine 

} Hp that T have done 1 know is anun- 
worthy Preſent to be offered to a KING; 
though conſidered (4s God confi ders Off 
rings) together with the Mind and For- 
tune of the Offerer, I hope will not be to 
Your Majefty unacceptable. 

But that which 1 Fliely conſader in it 
is, that my Writing ſhould "be tryed by 
Jour Majeſties Excellent vg on untam- 
ted with the TH" that bas been in- 
rented or made uſe of by Men when they 
were puzzled ; and who ut acquainted 
With all the Experiments of the time ; 
 .and whoſe approbation ( if 1 have the 
good Fortune to obtain it) will proteft my 
reaſoning from the Contempt Y my Ad- 


ferſari aries. 
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Epiſtle Dedicatory., | 
© T'wilbt break” theouſom of joyning 
to my Offiing a Prayer 4 ws; iis, 
That Your Majeſty: will be pleaſed 
ro pardon'this folloWittg ſhort Ap6- 
logy for my Leviathan. Not that» 
rely upon Apologies, but upon Tour Mape- 
Jie moft Gracious General Pardon. 
That which is in it of Theology, <coj- 
trary to the general Current of Divines, 
# not put there as yOpmion, but 'pro- 
pounded with ſubmiſ$1or to thoſe that have 
the Power Ecclefiaſtical. 
' IT did never after, either in Writing or 
Diſcourſe, mamtam 4t. 
There is nothing mit againſt Epifes- | 
Pacy ; T cannot therefore i imazine what 
reaſon any Epiſcopal-man can have to 
ſpeak of me ( as Thear ſome of them do) 
«5 of an Atheiſt, or man of no Religion, 
wleſs it be for making the Authority of 
the Church Wholly upon the Regal Power; 
Which T hope Your Majeſty will think # 
neither Atheiſm nor FHereſie. 


But 


% 


T Epillle-Pedicatory, 
' 1;BatDbat'\had Ito do to medele with 
matt s of that rature,: ſeeing Religion is 
16&:P halo apays but Law * wo lh 
It was writlen m.@'tmme. Wbentbepre- 

tence of Chriſt's Kingdom was made uſe 
of forithe moſ# bord Aftions that can be 
imagined, - And it wag in juſt Indignation 
of that, that T deſired to ſee the bottom of 
that Doftrme of the Kingdom-oef Chriſt, 
which divers Miniſters then Preached for 
a Pretence to their Rebellion , which 
may reaſonably extenuate, though not ex- 
cuſe the writing of it. 

"There 14 therefore no . ground for ſo 
reat a Calamny in my writing. 'T here us 
no ſign of it in my Life ; and for my Re- 
| ligion, when I was at the point of Death 
at St. Germains,the Biſhop of Durtiam 
can bear witneſs of it, if he be asked. 
Therefore, T moſt humbly beſeech our 
Seared Majeſty not to believe ſo ill of me 
upon reports, that proceed often (and may 
do ſo now) from the diſpleaſure which 
commonly ariſeth from difference in Opi- 


nian : 


Fen. Epiſtle Dedicat ory FIR 
nion ; nor to think the worſe of me, if. 
ſnatching up all the »-Weapons to ' fight * 
againſt Your Enemies, I lighted upon one 


that had a double edge. 


Your Majeſties Poor and | 
moſt Loyal Subjed, 


\ 


THOMAS, HOBBES.,. 
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L PHILOSOPHICAL 
PROBLEMS 
$ CHAP. I. - 

- Problems of Gravity. 


EA Hat may be the cafe think 
E you, that ſtones, and other bo- 
dies, thrown upward, or carried 
T and left to their liberty, fall down again 
or ought a man can ſee)of their own accord? 
do not think, C with the old Philoſophers) 
Þ cher they have any love to the Earth, or are 
| ſalen, that they will neither go nor ſay. And 
” yet I cannot imagine what body there is above 

' that ſhould drive then back. 

B. For my part, 1 believe the cauſe of - 
their deſcending isnot in any natural ap- 
petite of the bodies that deſcend, but rather 
that the Globe of the Earth hath ſome 

| * ſpecial motion, by the which it more eafil y 
caſteth off the Air, than it doth other bo-. 
| dies. And then this ama of thoſe w 
ca 


E; 
i 
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call heavy bodies, muſt of neceſlity follow; 
unleſs there be ſome empty ſpaces ir? the 
world to-receive them. For when the-Air 
is thrown off trom the Earth, ſomewhat 
mult come into the place of it, ( in caſe 
the world be-full) and it muſt be thoſe 
things which are hardlieſt caſt off, that is 
thoſe things which we ſay are heavy. | 

A. Put ſuppoſe there be no place empty (for 
T will defer the Queion till anon) how can 
the Farth caſt off either the Air, or any 
thing elje £ | 

B. I (hall ſhew you how, and that by a 
familiar Example. It you lay both your 
hands upon a Baſen with water in it, how 
little ſoever, and move it circularly, and 
continue that motion fcr a while, and you 
ſhall ſee the water riſe upon the (ides, and 
fly over; by which you may be affured 
that there is a kind of circulating motion, 
which would caſt off ſuch bodies as are 
contiguous to the body ſo moved. 

A. I know wery well there is ;, and it is 
the ſame motion which Country people uſe to 
purge their Corn; For the Chaff and Straws, 
by caiting the Grain to the ſide of the Seive, 
will come towards the middle. But I would 
ſee the Figure. | UE 

B. Here it is. There is a Circle pricked 
out, whoſe Center is A, and three lefs | 
Circles, whoſe Centers are B,C,D3 let / 

every 


Phloſophical Problems. 2 
- every one of them repreſent the Earth, as 
it goeth from B to C, and from C to D, 
always touching the uttermoſt Circle, and 
throwing off the Air, as is marked at E and - 
F. And if the world were not tull, there 
would follow by this ſcattering of the Air, 
a great deal of ſpace left empty. But ſup- 
poling the world full, there muſt bea per- 
'petual ſhifting of the Air, one part into the 
place of another. 

A. But what makes a ſtone come down, 
ſuppoſe from G ? 

B. Ifthe Air be thrown up beyond G, 
it will follow, that at the laſt; if the moti- 
on be continued, all the Air will be above 
G, that is, above theſtone 5 which cannot 
be, till the ſtone be at the Earth. 

A. But why comes it down ſtill with eu- 
| creaſing ſwiſine(s ? 

B. Becauſe as it deſcends, and is already 
in motion, it receiveth a new impreſſion 
from the ſame cauſe, which is the Air, 
whereof as part mounteth, part alſo muſt 
deſcend, ſuppoſing as we have done the 
plenitude of the world. For, as you may 
| obſerve .by the Figure, the motion 
of the Earth, according to the Dia- 
| meter of the uttermoſt Circle, is progreſ- 
five; and ſo the wholemotion is compoun- 
ded of two motions, one circular, and the 
- other progreſſive ; and conſequently the 

B 2 Air 
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Air aſcends and circulates at once. And 
becauſe the'ſtone deſcending receiveth a 
new preſſure in every point of its way, the 
motion thereof muſt needs be accelerated. 
A. 'Tis true; For it will be accelerated 
equally in equal times 5 and the way it 
makes will encreaſe in a donble proportion to 
the times, as hath heretofore heen demonitra- 
ted by Galileo. I ſee the ſolution now of an 
Experiment, which before did not @ little 
puzzle me. Tow know that if two plummets 
hang by two ſtrings of equal length, and you 
remove them from the perpendicular equally, 
I mean in equal angles, and then let them go, 
they will make their turns and returns toge- 
ther, and in equal times; And though the 
arches they deſcribe grow continually leſs and 
leſs, yet the times they ſpend in the greater 
arches, will ſtill be equal to the time they 
ſpend in the leſſer. 
B. 'Tis true. Do you figd any Experi- 
ment to the contrary ? | 
A. Tes; For if you remove one of the plum- 
mets from the perpendicular, ſo as ( for ex- 
ample) to make an angle with the perpendi- 
cular of 80 degrees; and the other ſo as to 
make an angle of 60 degrees, they will not 
make their turns and returns in equal 
- 8728es. 


B. And what ſay you is the cauſe of 
this ? 
| A. Becanſe 


A. Becanſe the arches are the ſpaces which 
theſe two motions deſcribe, they muſt be in 
double proportion to their own times 5 which 
cannot be, unleſs they be let go from equal 
altitudes, that is, from equal angles. 

B. "Tis right; and the Experiment does 
not croſs, but confirm the equality of the 
times in all the arches they deſcribe, even 
from go degrees to the leaſt part of one 
degree. | 

A. Butis it not too bold, if not extraua- 
gant, an aſſertion, to ſay the Earth is moved 
45 a man ſhakes a Baſen or 4 Seive £ Does 
rot the Earth move from Weſt to Eaſt eve 
day once, upon his own Center, and in t 
Ecliptich Circle once a year © And now you 
give it another odd motion; How can all 


theſe conſiſt in one and the ſame body ? 


B. Well enough. If you be a Shipboard 
under fail, do not you go with the Ship ? 
Cannot you allo walk upon the Deck ? 
Cannot every drop of bloud move at the 
ſame time in your , veins? How many mo- 
tions now do you aflign to one and the 
ſame drop of bloud? Nor is it ſo extrava- 
ganta thing to attribute to the Earth this 
kind of motion ; but that I believe f we 


_ certainly knew what motion it 1s that cau- 
| ſeththedeſcent of bodies, we ſhould find 


it either the ſame, or more extravagant. 
But ſeeing it can be nothing above that 
B3 - worketh 
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6 Philoſophical Problems, 
worketh this effect, it muſt be the Earth it 
ſelf that does it; and if the Earth, then 
you can imagine no other motion to do it 
witha], but this; And you will wonder 
more, when by -the ſame motion I ſhall 
give you a probable account of the 
cauſes of very many other works of Na- 
UTE, | 
A. But what part of the Heaven do you 
ſappoſe the Toles of your pricked Circle 
point to & | | 

B. I ſuppoſe them to be the fame with 
the Poles of the Ecliptick. For, ſeeing the 
Axis of the Earth in this Nation, and in 
- the annual motion keeps parallel to it (elf, 

the Axis mult in both motions be parallel 
as to ſenſe, For, the Circle which the 
Earth deſcribes, 1s not of vifible magni- 
tude at the diſtance it is from the Sun, 

A. Though I underſtand well enough how 
the Earth may make a ſtone deſcend wery 
ſwiftly under the Ecliptick, or not .far from 
it, where it throws off the Air perpendicularly; 
yet about the Poles of the Circle methinks it 
ſhould cait off the Air very weakly. I hope 
you will not ſay that bodies deſcend faſter in 
places remote from the Poles, than nearer 
fo them. | ry | 

B. No; butlI aſcribe it to the like mo- 
tion inthe Sun and Moon. 'For ſuch moti- 
ons' meeting, mult needs caſt the ftream 


of 
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of the Air towards the Poles ; And then 
there will be the ſame neceſlity for the 
deſcent there, that there 1s in other places, 
though perhaps a. little more ſlowly. For 
you may have obſerved that when it ſnows 
in the South Parts, the flakes of Snow are 
not ſo great as.in the North; which is a 
probable ſign they fall in the South from a 
greater height, and conlequently diſperſe 
themſelves more, as water does that falls 
down from a high and ſteep Rock. 

A. 'Tis not improbable. 

B. In natural caulcs all you are to expect 
1s but probability; which 1s better yet 
then making Gravity the cauſe, when the 
cauſe of Gravity is that you defire to 
know 3 and better then ſaying the Earth 
draws it, when the Queſtion 1s, how it 
draws? 

A. Why dees the Farth caſt off Air more 
eaſily ow it does Water, or any other heavy 


bodies £ 
B. It is indeed the Earth that ca- 


ſteth off that Air which is next unto 
it. But it is that Air which caſteth off 


the next Air 3 and ſo continually Air 
moveth Airz which it can more eafily 
do then any other thing, becauſe like bo- 
dies are more ſuſceptible of one anothers 


' motions; as you may ſee in two Lute- 


ſtrings equally rained, what motion one 
B 4 ſtring 
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* ſtring being ſtricken communicates to the 
Air, the ſame will the other receive from 
the Air; but ſtrained Fo a differing note, 
will be leſs, or not at all moved. For there 
15 no body but Air that hath not ſome in- 
ternal, though inviſible motion of its parts. 
And it is that internal motion which di- 
ſtinguiſheth all natural bodies ane from 
another. 

A. What is the cauſe why certain Squibs, 
As their ſubiFance be either Wood or 
other heavy matter, made ow and filled 
with Gunpowder, which is alſo heavy, do ne- 
vertheleſs > $90 the Gunpowder is kindled, fly 
wpwards 2 

B. The ſame that keeps a man that 
ſwims from ſinking, though he be heavier 
then ſo much water 3 He keeps himſelf up, 
and goes forward by beating back the 
water with his Feet z and ſo doesa $quib,. 
by beating down the Air with the ſtream 
of the fired Gunpowder, that proceeding 
from its Tail makes it recoil. 

A. Why does any Braft or Iron Veſſel, if it 
be bllw, flote upon the water, being ſo very 
heavy £ | 

B. Becaule the Veſſel and the Air in it, 
taken as one body, is more eaſily caſt off 
_ a body of water _ to It. 

. How comes it to paſs, that a Fiſh 
( occaly ſuch a broad th iſh as a Turbnt or 


4h 


bottom of the Sea, perhaps a mile deep, is not 


preſi'd to death with the weight of water that 


lies upon the back of it 8 

B. Becauſe all heavy bodies deſcend 
towards one point, which is the Center of 
the Earth, and conſequently the whole 
Sea deſcending at once does arch it ſelf ſo, 
as that the upper parts cannot preſs the 
parts next below them. 

A. It is evident ; Nor can there be poſſi- 
bly any weight, as ſome ſuppoſe there is, of 4 
Cylinder of Air, or Water, or of «ny other li- 
quid thing, while it remains in its own Fle- 
ment , or is ſuſtained and incloſed in a 
a by which one part cannot preſs the 
other, 
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a Plaice, which are braad and thin) in the 
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CH AP. II. 
Problems of Tides. 


A. Hat makes, the Flux and Re- 
flux of the Sea twice in a natu- 
ral day? 

B. We muſt come again to our Baſen of 
water ; wherein you have ſeen, whillt it 
was moved, how the'water mounteth up 
by the fides, and withal goes circling round 
about. Now if you ſhould faſten to the 
infide-of the Bafen ſome bar from the bot- 
tom-tothe top, you would ſee the water, 
inſtead of going on, go back again from 
that bar, ebbing, and the water on the |, 
other ſide of the barto do the ſame, but in 
counter-timez and conſequently to be 
higheſt where the contrary ſtreams meet 
together, and then return again, marking 
out four quarters of the Veſlel, two. by 
their meeting, which are the high waters, 
and two by their retiring, which are the 
low waters. 

A. What bar is that you. find inthe Ocean, 
that flops the current of the water, like that 

you make in the Baſen 2 

B. You know thst the main Ocean les 
Eaſt and Weſt, between Indiz _ an 

0a 


a 8b? 
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YE 


-Philoſophical Problems. 11 
Coaſt of America; and again, on the other 
fide, between America and India. If there- 
ſore the Earth have ſuch a motion as I 
have ſuppoſed, jt muſt needs carry the 
current of the Sea Eaſt and Weft; In 
which courſe, the bar that ſtoppeth it is the 
South part of America, which leaves no - 
paſlage for the water , but the narcow 
Streight of Magellan, TheTide riſes there- 
fore upon the Coaſt of America ; And the 
rifing of the ſame in this part of the world 
proceedeth from the ſwelling chiefly of 
the water there ; and partly alſo from the 
North Sea, which lieth alſo Eaſt and Weſt, 
and has a paſſage out of the South Sea by 
the Streight of Arian, between America 
and Afra. 

A. Does not the Mediterranean-Sea le 
alſo Faſt and Weſt 2 why are there not the 
like Tides there £ 

B. So there are, proportionable to their 
| Jengths, and quantity of water. 

' A. At Genoa, at Ancona there are none 
at all, or not ſenſible. 

B. At Venice there are, and 1n the bot- 
tom of the Streights ; and a current all 
along both the Mediterranean-Sca, and the 
. GulFof Verice 3 And it 13 the current that 
makes'the Tides unſenſible at the fides; 
but the check makes them viſible at the 


bottom. 
A. How 
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A. How comes it about that the Moon hath 
ſuch a ſtroke in the buſineſs, as ſo ſenſibly to 
encreaſe theTides at Full and Change © 

B. he motion I have bitherto luppolſed 
but in the Earth, I ſuppoſe alſo in the 
Moon, and in all thoſe great Bodies that 
hang inthe Air conſtantly, I mean the Stars, 
both fixed and errant. And for the Sun 
and Moon, I ſuppoſe the Poles of their 
motion to be the Poles of the ZquinoGial; 
which ſuppoſed, it will follow, ( becauſe 
the Sun, the Earth and the Moon at every 
Full and Change are almoſt in one ſtreight 
line) that this motion of the Earth will be 
made (wifter than in the Quarters. For 
this motion of the Sun and Moon being 
communicated to the Earth, that hath al- 
ready the like motion, maketh the ſame 
greater; and much greater when they are 
all three in one ſtreight line, which is only 
at the Full and Change, whoſe Tides are 
therefore called Spring Tides. 

A. But what then is the cauſe that the 
Spring-Tides themſelves are twice a year, 
namely when the Sun is in the EquinoGial, 
greater then at any other times 2 

B. At other times of the year, the 
Earth. being out of the ZquineTiel, the 
motion thereof, by which the Tides are 
made, will be leſs augmented, by ſo much 


as a motion in the obliquity of 23 degrees 
. or 
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or thereabout (which is the diſtance be- 
tween the ZquinoFial and Ecliptick Cir- 
cles) is weaker then the motion which is 
without obliquity. 

A. All this is reaſonable enough, if it be 
pol ible that ſuch motions as you ſuppoſe in 

theſe bodies, be really there. But that is a 
thing I have ſome reaſon to doubt of ; For, 
the throwing off of Air, conſequent to theſe 
motions, is the canſe, you ſay, that other 
. things come tothe Earth; And therefore the 
like motions in the Sun, and Moon, and 
Stars, cating off the Air, ſhould alſo cauſe 
all other things to come to every one of theme. 
From whence it will follow, that the Sun, 
Moon, and Earth, and all other bodies but 
Air, ſhould preſently come together into one 

ap. | 

b. That does not follow: For if two 
bodies caſt off the Air, the motion of that 
Air will be repreſs'd both ways, and diver- 
ted into a courſe towards the Poles on 
both ſides; and then the two bodies can- 
not poſſibly come together. 

A. "Tis true. And beſides, this drivin 
off the Air on both ſides, North and South, 
makes the pa motion 0 t; there alſo. And 
this may anſwer to the Queſtion, How a 
flone tould fall tothe Ferth under the Poles 
of the Ecliptick, by the only cafting off of 


ir £ 
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14. Philofophical Problems. 
B. It follows from hence, that there is 
a certain and determinate diſtance of one 
. of theſe bodies (the Stars) from another, 
without any very ſenſible variation. 

A. All this is probable enough, if it be true 
that there is no Vacuum, no place empty in 
allthe World. And ſuppoſing this motion of 
the Sun 11d Moon to be in the plain of the 
AquinoCtral, methinks that this ſhould be 
the cauſe of the Diurnal motion of the Earth; 
And becanſe this motion of the Earth is 
(you ſay) in the plain of the Aquinottial, 
the ſame ſhould canſe alſo « motion in the 
A\!oor on her own (enter, anſwerable to the 
Dinrnal motion of the Earth. 

B. Why not? what elſe can you think 
makes the Diurnal motion of the Earth, 
but theSun? And for the Moon, if it did 
not turn upon its own Center, we ſhould 
ſee ſometimes one, ſometimes another face 
of the Moon, which we do not. 
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CHAP. III. 


Problems of Vacuum. 


WW: convincing Argument is there 
to prove, that in all the world there 
is no empty place ? 

_ B. Many; but I will name but one; 
and that is, the difficulty of ſeparating two 
bodies hard and flat laid one upon another; 
I fay, the difficulty, not the impoſſibility. 
It is poſſible, without introducing Vacu- 
###, to pull aflunder any two bodies, how 
hard and flat ſoever they be, if the force 
uſed be greater than the reſiſtance of the 
hardneſs. And in caſe there be any greater 
difficulty to part them , ( belides what 

roceeds from their hardneſs) then there 
1s to pull them further aſſunder when they 
are parted, that difficulty is Argument 
enough to prove there is no Vacunm. 

A. Theſe Aſſertions need demonſtration. 
And firft, how does the difficalty of ſepara- 
tion argne the Þlenitude of all the reſt of the 
world 2 

B, If two flat poliſh'd Marbles lie one 
upon another, you ſee they are hardly ſe- 
parated inall points at one and the ſame 
inſtant 5 and yet the weight of "_— of 
them 
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them it is enough to make them ſlide off 
one from the other. Is not the cauſe of 
this, that the Air ſucceeds the Marble 
that ſo ſlides, and fills up the place it 
leaves. 

A. les certainly. What then ? 

B. But when you pull the whole 
Superficies aſſunder , not - without great 
difficulty, what is the cauſe of that dif- 
ficulty ? | 

A. I think as moſt men do, that the 
Air cannot fill up the ſpace between in an 
iniftlant; For the parting is in an inſtant. 

B. Suppoſe there be Vacuum 1n that Air 
into which the Marble you pull off is to 
ſucceed, ſhall there be no Vacuum in the 
Air that wasround about the two Marbles 
when they touched > Why cannot that 
Vaeuum come into the place between ? 
Air cannot ſucceed in an inſtant, Þecauſe 
a body; and conſequently cannot be mo- 
ved through the leaſt ſpace in an inſtant. 
But emptineſs is not a body, nor is moved, 
but made by the a it ſelf of ſeparation. 
There is therefore ( if you admit Vacuum) 
noneceſlity at all for the Air to fill the 
ſpace left, in an inſtant. And therefore, 
with what eaſe the Marble coming off 
preſſeth out the Vacuum of the Air behind 
it, with the ſame eaſe will the Marbles be 


pulled aſſunder, Seeing then, if there were 
Pacunm, 
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'Virimm, there would be no difficulty of 
\ Separation.z it follows, becaule there is 
difficulty of ſeparation, that there is no' 
Vacunm. | 
A. Well now, ſuppoſing the world full, how 
do you prove it poſſible to pull thoſe Marbles 
aſſunder £ | 
B. Take a piece of ſoft wax; Do not 
you think the one half touches the other 
half as' cloſe as the ſmootheſt Marbles? . 
yet you can pull them aſſunder. But how 2 
ill as you pull, the wax grows continu- 
ally more and moreſlender ; there being a 
perpetual parting or diſcefiion of the ou- 
termoſt part of the wax one from another; 
which the Air preſently fills, and fo there 
is a continual leflening of the wax, till it 
be no bigger than a hair, and art laſt ſepa- 
ration. If you can do the ſame to a Pillar 
of Marble, till the outſide give way, the 
effe& will be the ſame, but much quicker, 
after it once begins to break in the Super- 
ficies 3 becauſe the force that can maſter 
the firſt reſiſtance of the hardneſs, will 
quickly diſpatch the reſt. - 
A. It ſeems ſo by the brittleneſs of ſome 
Bard bodies. But I ſhall afterward put = ; 
Queſtions to you, touching the nature of hard- 
neſs. But now to return to our ſubje@, 
What reaſon can you render (without ſup- 
Jofing Vacuum) of = efets produced - 
| the 
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the Engine they uſe 4t Gre(ham Colledge? - 
- B, That Engine produceth the (ame 
effets, that a, ſtrong wind would pro- 
duce in a narrow room. 4 
.A. How comes '\the.mind..;in.s Ton know 
the Engine is « hollow round. pipe of braſs 3 
into which i thruf# a Cylinder of wood co-, 
wered. with Leather, and fixted to the Ly- F; 
linden ſo exdGly 4s no. Air can, poſſuhly 
. Paſs between the leather and the braſs & * 
 B.. 1 know it; and that. they may 
thruſt it up, there is a hole left in the 
Cylinder to. let the: Air out before ir;: 
which they; can ſtop when they pleafe. 
There is alſo. in the bottom of the Cy- 
linder a paſſage into a hollow Globe of 
GlaG; which: pallage they can alſo open 
and ſhut at 'pleaſure. And:;at the top.of 
that Globe there is a, wide mouth to put, 
2 what they, pleaſe to try concluffions on; 
and that alſo' to be opened and ſhut as 
ſhall be needfal. Tis of the naturc of a 
Pop-gun which Children, uſe, but great, 
coltly, and more ingenious. They thruſt 
forward, and pull back the wooden;Cy- 
linder (becauſe it requires much ſtrength) 
with an Iron-.(crew. What 15 there in all 
this to prove the poſlibility of Vacwer-r- 
A. When this mooden Cylinder covered 
with leather, fit and cloſe is thru$ home to 


the bottom, and the holes in the hollow Cy: 
| | linder 
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linder of Braſs cloſe flopped, how can it 
be drawn back, as with the ſcrew they draw 
'#, but that the ſpace it leaves muſt needs 
be empty. For it is impoſſible that any Air 
can paſs into the place to fill it ? 

B. Truly I think it cloſe enough to 
keep out Straw and Feathers, but not 
to keep out Air, nor yet matter. For 
ſuppoſe they were not ſo exattly cloſe 
but that there were round about-a dif- 
tance for a ſmall hair to lye between, 
Then will the pulling back of the Cylin- 
der of wood force ſo much Air in, as in 
retiring it forces back,. and that without 
any ſenſible difficulty. And the Air will 
ſo much more ſwiftly enter as the paſſage 
is left more narrow. Or if they touch, 
and the contra be in ſome points, and 
not in all, the Air will enter as beforein 
caſe the force be augmented accordingly. 
Laſtly , though they tonch- exaQly ,- if 
either the Leather yield, or the Braſs 
( which it may do to'the force of a ſtrong 
ſcrew) the: Air will again enter. Do you 
- think it poſſible to make two ſuperficies 
, Gexquiſitlytouch in all pojnts as you ſup- 
poſe, or Leather ſo hard as not to yield 
to the force of a ſcrew? The Body of 
Leather will give paſſage both to Air and 
Water, as you will confeſs when you 
ride in Rainy and Windy weather. You 

C 2 may 
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may therefore be aſſured that in drawing 
out their wooden-leather Cylinder they 
force in as much Air as will fill the place 
it leaves, and that with as much ſwiftneſs 
asis anſwerable to the ſtrength that drives 
it in. The effed& therefore of their pump- 
ing 13 nothing elſe but a vehement Wind, 
a very vehement Wind coming in en all 
fides of the Cylinder at once into the 
hollow of the Brafs Pipe, and into the 
hollow cf the Glaſs Globe joyned to it- 

- A. I ſee the reaſon already of one of 
their wonders, which is, that the Cylinder 
they pump with, if it be left to it ſelf, af- 
fer it is pulled back will ſwiftly go up again. 
Jon will ſay the Air comes out again wit 
the ſame violence by refle@ion 5, and I bes 
lieve it ? 

'-. B. This is argument enough that the 
place was not empty. For what can fetch 
or drive up the Sucker, as they call it, 
if the place within were empty 3 for that 
there is any weight in the Air to do it, I 
have already demonſtrated to be im- 
poſlble. 

- Befides, you know, when they have 
ſucked out (as they think) all the Air 
from the Glaſs Globe, they can neverthe- 
leſs both ſee through it what is done, and 
hear a ſound from within when there 1s 
any made. Which (if there were no 

other 
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other, but there are many other,) is ar- 
gument enough that the place is ſtil] tull 
of _ 

A. What ſay you to the ſwelling of a 
Bladder = fo burſting, Ys be 5 FM 
blows when it is put into the Receiver, ( for 
fo they call the Globe of Glaſs ? ) 

B. The ſtream of Air that from eve- 
ry fide meeting together, and turning in 
an infinite aumber of ſmall points, do 
plerce the Bladder in innumerable places 
with great violence at once, like fo ma- 
ny inviſible ſmall wimbles ; eſpecially if 
the Bladder be a little blown before it be 
put in, that it may make a little reſiſt- 
ance. And when the Air has once pierced 
it, it is caſte to conceive, that it muſt af- 
terward by the ſame violent motion be 
extended till it break. If before it break 
you let in frelh Air upon it, the violence 
of the motion will thereby be tempered, 
and the Bladder be lefs extended. For 
that alſo they have obſerved. Can you 
imagine how a Bladder ſhould be exten- 
ded, and broken, by being too full of 
Emptineſs. 

A. How come living creatures to be killed 
in this Receiver, in ſo little a time as 3 or 
4 minntes of an hour ? 

B. If they ſuck into their lung? ſo vi- 


olerit a wind thus made, you muſt needs 
C3 think 
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thipk it will preſently ſtop the paſſage of 
their bloud ; and that is death 3 though 
they may recover if taken out before 
they be too cold. And ſo-likewiſe will it 
put out fire; but the Coals taken out 
whilſt they are hot, will revive again. 
"Is an ordinary thing in many Coal-pits, 
( whereof I have ſeen the experience,) 
that a wind proceeding from the fides of 
the Pit every way, will extinguiſh any 
fire It down into it, and kill the work- 
men, unleſs they be quickly taken out. 

A. If you put a veſſel of water into the 
Receiver, and then ſuck, out the Air, the 
water will boil. What ſay you to that £ 

B. It is ike enough it will dance in fo 
great a buſtling of the Air; but I never 
heard it would be hot. Nor canT imagine 
how Vacuum ſhould make any thing 
dance. I hope you are by this time ſatiſ. 
fied, that no experiment made with the 
Engine at Greſham Colledge, is ſufficient to 
prove that there is, or that there may be 
Vacuum. | 

A. The World you know is finite, and 
conſequently, all that infinite ſpace with- 
ont it, is emply. Why may not ſome of that 
Vacuum be brought in, and mingled with 
the Air here © | 

B. Iknow nothing in matters without 
the World. _ 
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- A. + What ſa 'y you to Torricellioes Ex- 
periment in Quick-filver, which s this. 
There is a Bgſon at A filled with Quick: fil 
wer; ſuppoſe toB, And CD &@ hollow glaſs 
pipe filled with the ſame. Which if you [top 
with your finger at B, and ſo ſet it upright, 
and then if you take away your finger, the 
QOuick-ſilver will fall from C downwards, 


but not to the bottom. For it will Stop by the 


way, ſuppoſe at D. 7s it not therefore ne. 
ceſſery that that ſpace between C and D be 
left empty? Or will you ſay the Quick. fil- 
ver does not exaitly touch the ſides of the 
glaſs pipe 2 | 
B. Ile ſay neither. If a man thruſt 
down into a veſlel of Quick-filver a 
blown Bladder, will not that Bladder 
come up to the top? - 
A. les certanly, or « Bladder of Iron, 
or of any thing elſe but Gold. 
. B. You ſee then that Air can pierce 


Quick-filver. 
A. Tes, with ſo much force as the 


weight of Quick-ſilver comes to. 

B. When the Quick-filver is fallen to 
D, there is ſo much the more 1n the ba- 
ſon. And that takes up the place which 
ſo much Air took up before. Whither 
can this Air go if all the World withouc 
that glaſs pipe B C were full? There mult 
needs be the ſame or as much Air come 
C4 into 
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to that ſpace (which only is empty) be- 
tween C and D. By what force 2 By the 
weight of the Quicke(ilver between D 
and B. Which Quick-filver weigheth 
now upward; or elſe it could never 
| have raiſed that part higher, which was 
at firſt in theBaſon. So youlee the weight 
of Quick-filver can preſs the Air through 
Quick-(1lver up-into the pipe, till it come 
to an equality of force as in D. Where 
the weight of the Quick-filver is equal to 
the force which is required in Air to go 
through it. 
A. If a man ſuck, a Vial that has no: 
thing in it but Air, and preſently dip the 
mouth of it into water, the water will aſ- 
cend into the Vial. 1s not that an argument 
that part of the Air had been. ſucked ont, 
and part of the room within the Vial left. 
empty? | 

B. No: If there were empty ſpace in 
the World, why ſhould not there be alſo 
ſome empty ſpace in the Vial before it 
was ſucked? And then why does not the 
water riſe to fill that, when a man ſucks 
the Vial he draws nothing out neither in- 
to his Belly noi into his Lungs, nor into 
his Mouth ; only he ſets the Air within 
the glaſs into a circular motion, giving it 
at once an endeavour to ge forth by the 
fucking, and an endeayour ta go back ' 


by 
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by not receiving it into his mouth. And 
ſo with a great deal of labour glues his 
lips to the neck of the Vial. Then takin 
it off, and dipping the neck of the Vi 
into the water before the circulation 
ceaſe, the Air with the endeavour it hath 
now gotten, pierces the water and goes 
out, And fo much Air as goes out, fo ' 
much matter comes up into the room 
of it. Y 


—— 
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CH AP. IIIL 


| Problems of Heat and Light. 
A; Hat is the cauſe of Heat ? 

B, How know you, that any 
thing is Hot but your (elf? 

A. Becanſe I perceive by ſenſe it Heats 
Me: 

B. It is no good argument, The thing 
Heats me; therefore it is Hot. But what 
alteration do you find in your body at 
any time by being Hot? _- 

A. I find my thin more extended in 
Summer than in Winter; and am ſome*+ 
times fainter and weaker then ordinary, 6s 
if my Spirits were exhaled; and I ſweat. 

B. Then that is it you would know 
the cauſe of. I have told you before _ 


Y 
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by the motion I ſuppoſe both im the Sun, 
and in the Earth, the Air is diffipated, 
and conſequently that there would be an 
infinite number of (mall empty places but 
that. the World being full, there comes 
from the next parts other Air into the 
. ſpaces, they wovld elſe. make empty. 
When therefore this motion of the Sun 
is excerciſed upon the Superficies of the 
Earth, if there do not come out of the 
Earth it (elf ſome corporal ſubſtance to 
ſupply that teating of the Air, we muſt 
return again to the admiſtion of Vacuunr. 
If there. do, then you ſee how by this 
-motion fluid bodies are made to exhale 
out of the Earth. The like happens to a 
mans * body or hand, which, when he 
perceives, he ſays he is Hot. And ſo of 
the Earth when it ſendeth forth Water 
and Earth together in Plants, we fay it 
does it by Heat from the Sun- 

A. *Tis very probable, and no leſs pro- 
bable, that the ſame ation of the Sun, is 
that which from the Sea and moiit places 
of the Earth, but eſpecially from the Sex 
fetchetb mp the water into the Clouds. But 
there be many ways of Heating beſides the 
effion of the Sun or of Fire. Two pieces of 
Word will take Fire if in Torning they be 
preſt together. 
 B: Hete again you have a manifeſt la- 

ceration 
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ceration of the Aic by the reciprocal and 
contrary motions of the two pieces of 
wood, which neceſſarily cauſeth a com- 
ing forth of whatſoever is Aereal or 
fluid within them, and (the motion 
purſued) a diſfipation alſo of the other 
more ſolid parts into Aſhes. 

A: How comes it to paſs that a manis 
warmed even to ſweating almo$} with every 
extraordinary labour of his body ? 

B. It is eaſic to underſtand, how by 
that labour all that is liquid in his body 
is tolſed up and down, and thereby part 
of it alſo caſtforth. 

A. There be ſome things that make « 
man Hot without ſweat or other evaporation, 
#s Canſtiques, Nettles and other things. 

B. No doubt. But they touch the 
part they ſo Heat, and cannot work that 
efte& at any diſtance, 

A. How does Fleat cauſe light, and that 
partially _ bodies more, 'in ſomeleſs, 
though the Heat be equal ? 

B. Heat does not cauſe Light at all. 
But in many Bodies, the ſame cauſe, that 
is to ſay, the ſame motion cauſeth both 
together ; ſo that they are not to one a- 
nother as cauſe and effect, but are con- 
comitant Effects, ſometimes of one and 
the ſame motion, 

A. How? 
« ©. 


28 Philoſophical Problems. 

B. You kngw the rubbing or heard 
preſling of the Eye, ora ſtroke upomit 
makes an apparition of Light without 
and befure it, which way ſoever you 
look. This can proceed from nothing eiſe 
but from the reſtitution of the Organ 
preſſed or ſtricken, unto its former ordi- 
nary ſituation of parts. Does not the Sun 
by his thruſting back the Air upon your 
eyes preſs them? Or does not thoſe bo- 
dies whereon the Sun ſhines (though by 
reflection) do the fame, though not ſo 
ſtrongly? And do not the Organs of 
Sight, the Eve, the Heart, and Brains 
reſiſt that preſſure by an endeavour of 
reſtitution outwards > Why then ſhould 
there nor be without and before the Eye, 
an apparition of Light in this cale as 
well as in the other ? | 

A. I grant there muſt. Put what is that 
which appears after the preſſing of the eye? 
For there is nothing without, that was not 
there before; or if there were , methinks 
another ſhould ſee it better, or as well as he; 
or if in the dark, methinks is ſhould en- 
lightex the place. 

B. It is a fancy, ſuch as is the appear- 
ance of your face in a Looking-glaſs; 
ſuch as is a Dream; ſuch as is a Ghoſt; 
ſuch as is a ſpot before the Eye that hath 
ſtared upon the Son or Fire. For all theſe 


are 
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. are of the Regiment of Fancy, without 
any body concealed under them, or be- 
hind them, by which they are pro- 
duced. 

A. And when you lock towards the Sun 
or Moon, why is not that alſo which ap- 
pears before your Fyes at that time a fancy £2 1 

B. Soit is. Though the Sun it (elf be Y 
a real Body, yet that bright Circle of a- q 
bout a foot Diameter cannot be the Sun, 
unleſs there be two Sans, a greater and a 
leſſer. And becauſe you may ſee that * 
which you call the Sun, both above yon 
- In the Skie, and before you in the Water, 
and two Suns (by diſtorting your Eye) 
in two places of the Skie, one of them 
muſt needs be Fancy. And if one, both. 
All ſenſe 1s Fancy though the cauſe be al- 
ways ina real Body. | 

A. T fee by this that thoſft things which the 
Learned call the Accidents of Bodies, are 
indeed nothing elſe but diverſity of Fancy 3 
and are inherent in the Sentient, and not 
in the ObjeFs, except Motion and Quan- 
tity. And T perceive by your DofFrine you 
. have been tampering with Leviathan, But 
bow comes Wood with a certain degree of 
Heat to fhine, and Iron alſo with a greater 
degree ; but no Heat at all tobe able to make 
water ſhine £ 

B. That which ſhineth hath the ſame 
Motion 
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Motion in its parts that I have all this 
while, ſuppoſed in the Sun and Earth. In 
which Motion there: mult needs be a 
competent degree of (wiftneſs, to move 
the ſenſe, that is, to make it viſible. All 
Badies that are not fluid will ſhine with 
Heat, if the Heat be very great. Iron 
will ſhine and Gold will ſhine; but wa- 
ter willnot, becauſe the parts are carried 
away before they attain to that degree of 
{wiftneſs ;, which is requiſite. 
* A. There are many fluid Bodies, whoſe 
parts evaporate, and yet they make « flame, 
as Oyl, and Wine, azd other ftrong drinks: 
. As for Oyl Inever ſaw any infla- ' 
med by it (elf5 how much ſoever Heated, 
therefore I do not think they are the parts 
of the Oyl, but of the combuſtible bo- 
dy oyled that ſhine, but the parts of 
Wine and ſtrong Drinks have partly a 
ſtrong Motion of themſelves, and may 
be made to ſhine, but not with boiling, 
but by adding to them as they riſe the 
flame of ſome other body. 

A. How canit be known that the par- 
ticles of Wine have ſuch a Motion as you 
Suppoſe f 200 E 

B. Have you ever been ſo much di(- 
tempered with drinking Wine, as to 
think the Windows and Table move? 

A. Tconfeſs ( though you be not my Con- 


fer) 
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feſſor,,) 1 have, but very ſeldom, and 7 
remember the window ſeemed to go and come 
in « kind of circling Motion. ſuch as you' 
have deſcribed. But what of that £ 

B. Nothing, but that it was the Wine 
that cauſed it 5 which having a good de- 
gree of that Motion before, did when it 
was Heated'in' the Veins, give that con- 
cuſſion -( which you thought was in the 
window,) to -the Veins themſelves, and 
(by the continuation of the parts of mans 
Body ) to the Brain; and that was it 
which made the window ſeem to move. 

A.. What is Flame ? For I have offer 
thought the Flame that comes out of a ſmall 
heap of Straw, to be more ( before it hath 
done Flaming,) then a hundred times the 
Straw it ſelf. TY 

B. It was but your Fancy. If you 
take a ſtick in. your hand by one end, the 
other end burning, and move it ſwiftly, 
the burning end, if the Motion be circu- 
lar, ſhall ſeem, a circle; if ſtreight, a 
ſtreight line of Fire, longer or ſhorter, 
according to the ſwiftnets of the Motion, 
or to.the. ſpace it moves in. You know 
the cauſe of that. , + a” 

A. I think it is, becanſe the impreſſion 
of that viſible ObjeF, which was made at 
the firſt yon of the Motion did lat tilt 
it was ended. For then it will folowthat it 
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aun} be viſible all the way, 'the impreſſions 
in all points of the time being equal. 

B. The cauſe can be nq other: The 
ſmalleſt ſpark of Fire flying up ſeems a 
line drawn upward ;: and again by that 
ſwift circular Motion which we have 
ſuppoſed for the .cauſe of Light, ſeems 
alſo broader then itis. And conſequently 
the Flame of every thing mult needs 
ſeem much greater then it 1s. 

| A. What are thoſe ſparks that flie out of 
the Fire 2 

B. They are ſmall pjeces of the wood 
or Coals, or other Fuel looſened and car- 
ried away with the Air that cometh up 
with them. And being extiguiſhed be- 
fore their parts be quite Lifiepated into 
others, are ſo much Soot, and black, 
and may be fired again. : 

A. A Spark of Fire may be ſtricken out 
of a cold ſtone. It is not therefore Heat 
that makes this ſhining. 

B. No Tis the Motion that makes both 
the Heat and ſhining, and the ſtroke 
makes the Motion. For every' of thoſe 
Sparks, 1s a little parcel of the tone, 
which ſwiftly moved , imprinteth the 
ſame Motioninto the matter prepared, of 
fr: co receive it, | 

A. How comes the Light of the Sun ts 
burn almoſt any combuſtible watter by re- 
fraFion 
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re ſraGion through a convex glaſe, and by re- 
fleFion from a contave? | 

B. The Air, moved by the Sun prefſeth 
the convex glaſs ih ſnch nianner, as the 
ation continued through, it, proccedeth 
not in the ſame ſtreight line by which it 
proceeded from the Sun , but. tendeth 
more toward the. center of: the body 
it enters. Alſo when the aCion. is. con- 
tinued through the cohvex body it bend- 
eth again the ſame way: By which means 
the whole , ation of the Sun-beams are 
encloſed within a very ſinall compaſs ; in 
which place therefore there mult be.a 
very vehement Motion ;.. .and conſe- 
quently if there be in that place com- 
buſtible matter, ſagh as is not very bard 
kindle, the parts of it will be: diflipated, 
and receive that Motion which worketh 
on the Eye as other Fire does. 

The ſame reaſon is to be given fot 
burning by RefleQion. For there alſo the 
Beams are colle&ed into almoſt a point. 

A. Why may not the Sin-beams be ſuch 
4 Body as we call Fire, and paſs through 
the pores of the glaſs ſo diſpoſed as to ca- 
ty them to a point, or very near 2 

B. Can there be a glaſs that is Lyjl 

pores; If there cannot, then cannot this 
effet _ produced by the paſſing of Fire 
_—_y the pores. _ have j en ou 
ighe 
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Iight their Tobacco at the Sun -witha 
burning glaſs, or with a ball of Criſtal, 
held which way they will indifferently, 
Which muſt be impoſhble, unleſs the ball 
were all pores. Again, neither you nor 
I can conceive any other Fire then we 
have ſeen, nor then ſuch as water will 
put out. But not only a ſolid Globe of 
Glaſs or Criſtal will ſerve for a burning 
Glaſs, but alſo a hollow one filled with 
water. How then does the Fire from the 
Sun paſs through the glaſs of water with- 
out being put out before it come to the 
matter they would have it burn ? 

A. I know mot. There comes nothing 


from the Sun, If there did, there is come 
fo much from it already, that at this day 
we hed bad no Sun, 
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CHAP, V. 
Problems of- Hard and Soft. 


A. Hat call you Hard, and what 
Soft. 

B., That body whereof no one part 
is eaſily put out of its place, without 
removing the whole, is that whichI atid 
all men call Hard; and the contrary Soft. 
So that they, are but degrees one of 
another. 

A. What is the cauſe that makes one bo- 
dy Harder then another, or ( ſeeing you 
ſay they are but degrees of one another ) 
what makes one body Softer then another, 
and the ſame body ſometimes Harder, 
ſometimes Softer 2 
+ B. The ſame Motion which we have 
ſuppoſed from the beginning for the cauſe 
of ſo many other effets. Which Motion 
not being upon the center of the part 
moved, but the part it ſelf going in a- 
nother circle to and again, it 15 not necef- 
fary that the Motion be perfteGly circular. 
For it is not circulation, bur the recipro- 
cation, Imean the to and againthat does - 
caſt off, and lacerrate the Air, and con- 
—_— produce the fore-mentioned 


effects, D 2 For 
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For the cauſe therefore of Hardneſs, 
I ſuppoſe the reciproeation of Motion in 
thoſe things which are Hard, to be very 
{wift, and in very ſmall circles, 

A. This is ſomewhat hard to believe. I 
would you could ſupply it with ſome viſible 
experience. | *7-N 

B. When you ſee (for example) a 
Croſs-bow bent, do you think the parts 
of it (tir ? 

A. No.. I am ſure they do not. 

B. How are you ſure? You have no 
argument for it, but that you do not ſee 
the Motion, When I ſee you ſitting (tx], 
mult I believe there is no Motion 1n your 
parts within, when there. are {6 many ar- 

uments to convince me there 1s. 

A. What argument have you to convince 
me that there is Motion in a Croſs- bow when. - 
# ftands bent 2 = 

B. If youcut the ſtring, or any way 
ſet the Bow at liberty 1t will have then a 
very viſible Motion» What can be the 
caule of that ? | 

A. Why the ſetting of the Bow at liberty, 
B. It the Bow had. been crooked be- 
fore it was bent, and a ſtring tied- to 
both ends, and then cut aſunder,: the 
Bow would not have (tid. Where lies 
the difference ? 

A. The Bow bent has a Spring; unbent 
it has none, how crooked ſoever. P, 
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B. What mean you by Spring ? 

A. An endeavour of reſiitution to it's 
former poiture. 

B. I underſtand Spring as well as I do 
endeavour. 

A. I mean a Pruciple or beginning of 
Motion in a contrary way to that of the 
force which bent it. 

B. But the beginning of Moti:n is al- 
ſo Motion, how inſenſfible ſoever it be. 
And you know that nothing can give a 
beginning of Motion to it ſelf. What is it 
therefore that gives the Bow ( which 
you ſay you are {yre was at reſt when ir 
ſtood bent) its firſt endeavour to return 
to its former polture ? 

A. It was he that beet it. 

B. That cannot be. For he gave it an 
endeavour to come forward, and the 
Bow endeavours to go backward. 

A. Well, grant that endeavour be Mo- 
tion, and Motion in the Bow unbent, how 
do you derive from thence, that being 
ſet at liberty it muſt return to. its former 
poſture £ 

B. Thus There being within the Bow 
a (wift (though inviſible ) Motion of all 
the parts, and conſequently of the whole; 
the bending cauſeth that Motion, which 
was along the Bow ( that was beaten out 
Whenit was hot ir.to that length) to o- 
D3 _ _ perare 
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perate a croſs the length in every part of 
1t, and the more by how much it is more 
bent; and conſequently. endeavours ta 
unbend it all the while it ſtands bent. And 
therefore when the force which kept it 
bent is removed, it muſt of neceſfity re- 
turn to the poſture it had before. 

A. Bat has that endeavour no effe at all 
before the impediment be removed £ For if 
endeavonr be Motion, and every Motion 
have ſome efjet# more or leſs, methinks this 
endavonr ſhould in time produce ſome- 
thing. 

B. Soit does. For in time (ina long 
time) the courſe of this internal Motion 
will lie along the Bow, not according to 
the former, but ta the new acquired 
poſture: And then it will be as uneaſie 
to return it to its former poſture, as it 
was before to bend it. | 

A. That's true. For Bows long bent loſe 
their appetite to reſtitution, long cuſtoms be- 
coming nature. But from this internal re- 
ciprocation of the parts, how do you infer 
the Hardneſs of the whole Body. 

B. If you apply force to any ſingle part 
of ſuch a body, you muſt needs diſorder 
the Motion of rhe next parts toit before it 
yield, and there diſordered, the Motion 
ofthe next again muſt alſo be diſordered 3 
and conſequently no one part can ng 

| | | WIita- 
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without force ſufficient to diſorder all. 
But then the whole body muſt alſo yield. 
Now when a body is of ſuch a nature ag 
no fingle part can be removed without 
removing the whole, men ſay that body 
is Hard. "We 

A. Why does the Fire melt divers Hard 
bodies, and yet not all 2 

B. The hardeſt bodies are thoſe 
wherein the Motion of the parts are the 
moſt (wift, and yet in the leaſt circles. 

Wherefore if the Fire, the Motton of 
whoſe parts are ſwift, -and in greater cir- 
ciles, he made (o (wit, as to be ſtrong 
enough to maſter the Motion of the parts 
of the Hard body, it will make thoſe parts 
to move 1n a greater compals, and there- 
by weaken their reſiſtance, that is to 
ſay, Soften them, which is a degree of 
liquefaction. And when the Moton is ſo 
weakened, as that the parts loſe their co- 
herence by the force of their own weight, 
then we count the body melted, 

A. Why are the Hardeſt things the moſt 
brittle, inſomuch that what force ſoever is 
enough to bend them, is enough alſo to break, 
them ? 

B, In bending a Hard body, as (for 
example) a Rod of Iron, you do not 
inlarge the ſpace of the internal Motion 
of the parts of Iron, as the Fire does; 

D 4 buz 
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but you maſter and interrupt the Motion, 
and that chiefly in one place. In which 
place the Motien that makes the Iron 
Hard being once overcome, the proſecu- 
tion of that bending muſt needs ſuddenly 
maſter the Motions of the parts next unto 
It, _y ay” maſtered before. uf 

. 1 have ſeen a ſmall piece of glafy, 
the figure or oy is = A AB C. TE 
piece of glaſs if you bend toward the top, as 
z# C, the whole body will ſhatter aſunder 
?nto a Million of pieces, and be like to ſo 
much duſt. I would fain fee you giv e a pro- 
bable reaſon of that. ' * © = 
\ B. I have ſeen the Experiment. The 
making of the glaſs, is thus, They dip an 
Iron Rod into the molten glaſs that ſtands 
in a Veſſel within 'the Furnace. Upon 
which Iron Rod taken out, there will 
bang a drop of moken but tough Metrtal 
of the figure you have deſcribed, which 
they lerfall into the water. So that the 
main drop comes firſt to the water, and 
after it the tail, which though ſtreight 
whilſt it hung on the end of the Rod, yet 
by falling into the water becomes croo- 
ked. Now you know the making of it, 
you may conſider what muſt be.the conſe- 
quence of jt. Becauſe the main drop A 
comes farlt to the water, it is therefore firfk 
quenched, and conſequently that the Mo- 
TBE tion 


OOO OUR - aa An ey , Ws bf TH 


 Ohiloſophical Problems, | 41 


tion of the parts of that drop, which by 
the Fire were made tobe moved in a lar- 
ger compaſs, is by the water made to 
{hrink into leſſer circles towards the o- 
ther end B, but with the ſame or not 
much leſs (wiftneſs. 

A. Why ſo? 

B. If you take any long piece of Iron, 
Glaſs , or other uniform and continued 
body ; and having Heated one end there- 
of, you hold the other end in your hand, 
and fo quench it ſuddenly, though be- 
fore, you held it eafily enough, yet now 
it will burn your fingers. | 

A. 1t will ſo. | 

B. You ſee then how the Motion of 
the parts from A toward C is made more 
violent and in leſs compaſs by quenching 
the other parts firſt. Beſides, the whole 
Motion that was in all the parts of the main 
drop A, is now united in the ſmall end 
BC. And this I take to be the cauſe why . 
that ſmall part B C is ſo exceeding ſift. 
Seeing alſo this Motion in every ſmall part 
of -the glaſs, 1s not only circular, but 
proceeds alſo all along the glaſs from A to 
B, the whole Motion compounded will 
be ſuch as the Motion of Spinning any 
Soft matter unto Thread, and will diſpoſe 
the whole body of the glaſs in Threads, 
which in other Hard bodies are called the 
grain. | There- 
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Therefore if you bend this body (for 
—_— in C { which todo will require 
more force then a man would think that 
has not tryed ) thoſe threads of Glaſs 
mult needs be all bent at the ſame time, 
and ſtand fo, till by the breaking of the 
Glaſs at C, they be all at once ſet at li- 
berty. And then all at once being ſud- 
denly unbent, like ſo many brittle, and 
over-bent Bows, their Strings breaking, 
be ſhivered 1n pieces. 

A. "Tis like enough to be ſo. And if 
nature bave betrayed her ff in any thing, 
T think it is in this, - in me other ex- 

erience of the Croſi-bow-; which ſtrongl 
md rehen butter ut the am. 
reciprocation of the Motion, which you ſup- 
Eh to bs in the internal parts of every 

ard body. And I have obſerved ſomewhat 
in Looking-glaſſes which much confirms that 
there is ſome ſuch Motion in the internal 
parts of =—_ , as you have ſuppoſed for 
the cauſe of Hardneſs. For let the Glaſs be 
-AB, and let the ObjeF at C be a Candle, 
and the Eye at D. Now by divers Refle- 
Fions and Refrations in the two ſuperficies 
of the Glaſs, if the Lines of Viſion be ve- 
ry oblique, you ſhall ſee many images of 
the Candle, as E, F, G, in ſuch order and 
poſition as is here deſcribed. But if you re- 
move your Eye to C, and the Candle wh 

' $1 ey 
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they will appear in a ſituation manifeſil 
fAifferent _ this. F; hich you will , 
more plainly perceive if the Looking-Glaſs 
be colonred, as I have obſerved in Red and 
Blew Glaſſes; and conld n&ver conceive 
any probable cauſe of jt, till now you tell 
me of this ſecret Motion of the parts a- 
eroſi the grain of the Glaſs, acquired by 

cooling it this or thatway. 

B. There be very many kinds of Hard 
bodies, Metals, Stones, and other kinds 
in the bowels of the Earth, that have 
been there ever ſence the beginning of 
the World ; and 1 believe alſo many dif- 
ferent ſorts of Juices that may be made 
Hard, But for one general cauſe of Hard- 
neſs it can be no other then ſuch an in- 
ternal Motion of parts as I have already 
deſcribed, whatſoever may be the cauſe 
of the ſeveral concomitant qualities of 
their Hardneſs in particular. 

A. We ſee water Hardened every Froſty 
day. It's likely therefore you may give @ 
pribable cauſe of Ice. What is the cauſe of 
Freezing of the Ocean towards the Poles of 
the Earth? | 

B. You know the Sun being always 
between the Tropicks, and ( as we 
have ſuppoſed) always caſting off the 
Air; and the Earth likewiſe caſting it off 
from it's ſelf, there muſt needs on. _ 

1GE$ 
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fides be a great Stream of Air towards 
the Poles, ſhaving the ſuperficies of the 
Earth and Sea, in the Northern and Sou- 
thern Climates. This (having of the 
Earth and Sea by the Stream of Air muſt 
needs contra& and make to ſhrink thoſe 
little Circles of the internal parts of Earth 
and Water, and conſequently Harden 
them, firſt at the ſuperficies, into a thin 
Skin, which is the firſt Ice; and after- 
wards the ſame Motion continuing, and 
the firſt Ice co-operating, the Ice be- 
comes thicker. And this I conceive to be 
the cauſe of the Freezing of the Ocean. 

A. If that be the cauſe, I need not ah, 
how a Bottle of water is made to Freeze in 
warue weather with Snow, or Ice mingled 
with Salt, For when the Bottle is in the 
midſt of it, the Wind that goeth out both 
of the Salt and of the Ice as they diſſolve, 
muſt needs ſhave the ſuperficies of the 
Battle, and the Bottle work, accordingly on 
the water without it, aud ſo give it firſt 4 
thin skin, and at laſt thicken it into a ſo- 
lid piece of Ice. But how comes it to paſs 
that water does not uſe to Freeze in a deep 
Fit 2 

B.. A deep Pit is a very thick Bottle, 
and ſuch as the Air cannot come at but 
only at the top, or where the Earth is 
very loole and ſpungy. 

A 


we 
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A: Why will not Wine Freeze as well as 
Water ? © 
B. So it will when the Froſt is great 
enough. But the internal Motion of the 
parts- of- Wine and other Heating Li- 
quors 1s in greater Circles and ſtronger 
then the Motion of the parts of water, 
and therefore leis eafily to be Frozen, e- 
ſpecally quite through, becauſe thoſe parts 


that have the ſtrongeſt Motion retire to 
the center of the Veſſel. 


CH AP. VL 


Problems of Rain, Wind, and other 
. WEATHER 


A. Hat is the original cauſe of 
| Rain? ard how is it gene- 
rated 2 

B. The motion of the Air ( ſuch as I 
have deſcribed to you already) tending 
to the diſ-union of the-parts of the Air, 
mult needs cauſe a continual endeavour 
(there being no poflibility of Vacuum ) 
.of whatſoever fluid parts there are upon 
| the face of the Earth and Sea, to ſupply 

-the place which would elle be empty. 
. This makes the water, and alſo very 
ſmall and looſe parts of the Earth and Sea 
to 
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to riſe, and mingle themſelves with the 
Air, and to become miſt and Clouds. Of 
'which the greateſt quantity ariſe there, 
where there is moſt water, namely, from 
the large parts of the Ocean; which are 
the South Sea, the Txdzan Sea, and the 
Sea that divideth Exrope and Africa from 
America; over which the Sun, for the 
greateſt part of the year is perpendicular, 
and conſequently raiſeth a greater quan- 
tity of water. Which afterwards gathe- 
red into Clouds, falls down in Rain. 
A. If the Suncan thus draw up the wa- 
ter; though but in ſmall drops, why can it 
n0t as eaſily hold it up 2 

*B. It is likely it would alſo hold them 
up, if they did not grow greater by - 
meeting together, nor were carried away 
by the Air towards the Poles. 
. A. What makes them gather together #2 

B. It 1s not improbable that they are 
carried againſt Hills, and there ſtopt till 
more overtake them. And when they 
are carried towards the North or South 
where the force of the Sun is more oblj- 
que and thereby weaker, they deſcend 
gently by their own weight. And be- 
cauſe they tend all to the center of the 
Earth, they muſt needs be united in their 
way for want of room, and fo grow big- 
ger. And then it Rains, | 

A. 
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WF A. What is the reaſon it Rains ſo ſeldom, 
but Snows ſo often upon very high Moun- 
tains 
B. Becauſe perhaps when the water? 
is drawn up higher then the higheſt 

Mountains, where the courſe of the Air 

betwcen the Aquator and the Poles is 

free from ſtopping, the Stream of the Air 

Freezeth it into Snow. And 'tis in thoſe 

places only where the Hills ſhelter it 

from that Stream, that itfalls in Rain. 
A. Why is there ſo little Rain in Egypt, 
| and yet ſo much in other parts nearer the 
ZEquinoGial, as to make the Nile over- 
flow the.Countrey ? 

' 8B. The cauſe of the falling of Rain, 
I told you was the the ſtopping, and con- 
ſequently the colle&tion of Clouds about 
great Mountains, eſpecially when the 
Sun is near the Aquinoctia), and there- 

' by draws up the water more potently, 
and from greater Seas. If you conſider 
therefore that the Mountains in which 
are the ſprings of Nile, lye near the 
fquinoGial and are exceeding great , 
and near the Indian Sea, you wall not 
think it ſtrange there ſhould be great 

ſtore of Snow. ' This as it melts makes 

the Rain of Nile to riſe, which in April 
and May going on toward Egypt arit- 
ved there abwut the time of the Solſtice, 

and overflow the Countrey. A. 


£ 
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A. Why ſhould not the Nile then over- 
flow that Countrey twice a year © For it 
comes twice a year tothe AquinoGial. 

B. From the Autumnal Equinox, the 
Sun goeth on toward the Southern Tro- 
pique. And therefore cannot diſſolve, the 
Snow on that ſide of the Hills that look 
towards Egypt. 

A. But then there ought to be ſuch ano 
ther Innuindation Southward. | 

B. No doubt but there is a greater 
deſcent of water there in their Summer 
then at other times; as there mult bg 
wherefoever there 1s much Snow melted. 
But what ſhould that inaundate, unleſs 
it ſhould oveiflow the Sea that comes 
cloſe 'to the foot of: thoſe Mountains ? 
And for the cauſe why it ſeldom Rains in 
Egypt, it may be this, That there are 
no very high Hills near it to colle& the 
Clouds, The Mountains whence Nile 
rifſeth being near 2000 Miles off. The 


- Neareſt on one fide are the Mountains of 


Nzbiz, and on the other fide Sina, and 
the Mountains of Arrgbia. 

A. Whence think ' you proceed the 
Winds ? 

B. From the Motion (I think ) fie. 
cially of the Clouds, partly alſo; from 
whatſoever is moved in the Air. | 

A. It is manifeſt, that the Clonds are 


moved 
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moved by the Winds 3 ſo that, there were 
Winds before any clouls gy be moved. 
Therefore I think, you make the Ef 
before the Cauſe. 
B. If nothing could move a Cloud 
but Wind, your objection were good: 
But you allow a Cloud to deſcend by it's 
own weight. But when it fo geſcends, it 
muſt needs move the Air before it, even 
to the Earth, and the Earth again repel 
it, and lo make lateral Winds EVerV Way. 
Which will carry forwards othet Clouds 
if there be any in their way, but not th 
Cloud that made them The Vapour of 
the water riſing into Clouds, muſt | ticeds 
alſo as they riſe, raiſe a Wind > 
A. I grant it. But how car the ſlow 
motion of a Cloud make ſo ſwift a fon 
. 4s it does © 
B. It is not one or two little C louds, 
but many and. grgat ones that do it. Be, 
fides, when the. Air is driven into places 
already covered; it cannot but be much 
the ſwifter for the narrowneſs of the 
paige 
. Why does the South Wind # more oftes 
F bag any other bring Rain with it 2 
B. Where the Sun hath moſt power, 
and where the Seas are greateſt, that is 
ig the South, there is molt water in the 
Air 3 which a South Yr can only bring 
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tous. But I have (pen great ſhowers of 
Rain ſometimes alſo when the wind hath 


| been North, but it was in Summer, and 


came firſt, I think, from the South or 
Weſt, and was but brought back from 
the North. 

A. I have ſeen at Sea very great Waves 


 whentherewas zo ind at all. What was 


it then that troubled the Water ? 

B. But had you not Wind enough pre- 
fently after ? 

A. We had a Storm within alittle more 
ther a quarter of an hour after. 

B. That Storm was then coming and 
had moved the Water before it. But the 
Wind .you could not perceive, for it 
came downwards with the deſcending 
of the Clouds, and prefiing the Water 
bounded above your Sail till it came- 
very near. And that was it that made 


you think there was no Wind at all. 


A. How comes it to paſs that a'Ship 


. fhould go againſt the Wind which moves it, 


even almoſt point blank, as ifit were not 
driven but drawn'? 


-  B. Youareto know firſt , that what 


Body foever 1s carryed againſt another 
Body, whether perpendicularly, or ' ob- 
liquely, it drives it im a perpendicular to 
the ſuperficies it Iighteth on. As for Ex- 
ample, a Bullet thot againſt a itfat wall, 

| | meketh 
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maketh the Stone ( or other matter it 
hits) to. retire in a perpendicular to 
that flat; or, if the Wall be round; 
towards the center, that isto ſay, per- 
pendicularly. For if the way of the 
motion be oblique to the Wall , the mo- 
tion 1s compounded of two motions , 
one parrallel to theW all, and the other 
perpendicular. By the former whereof 
the Bullet iscarried along the Wall (ide, 
by the other it approacketh to it. Now 
the former of theſe motions can have no 
effe&t upon it ; all the battery is from 
the motion perpendicular , in which it 
approacheth. And rherefore the part it 
hits mult alſo retire perpendicularly. If 
it were not ſo, a Bullet with .the ſame 
ſiviftneſs would execute as much oblique- 
ly ſhot, as perpendicularly 3 which you 
know it does not. - 

A. How do you apply this to a Ship? 
B. Let A. B. be the Ship, the head of 
it A, If the Wind blow juſt frvm z. to« 
wards B. 'tis true, the Ship cannot go 
forward howſloever the (ail be (et. Let 
C. D. be perpendicular to the Ship , and 
let the Sail E. C. benever fo little oblique 
to it, and. C. perpendicular to E.C: 
and then you ſte the Ship will gain the 
ſpace D. F. to the headward. 
' A.ltwill ſo, but when it is very near 
| E 2 to 
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to the Wind it will go forward very ſlowly , 
and make more way with her ſide tothe Lees 
ward. | | 

.- A. It will indeed go ſlower in the pro» 
portion of the Line A, F. to the Line 
C. E, But the Ship will not go ſo faſt as 
you think (ideward : One is the force of 
that Wind which lights on the fide of the 
Ship itſelt ; the other is, the bellying of 
the Sail 3 for the former, it 18 not much 
becauſe the Ship does not eafily put from 
her the Water with her (tde 3 and belly- 
ing of the Sail, gives (ome little hold for 
the Wind to drive the Ship a ſtern, 

A. For the motion ſideward I agree with 
yon 5 but T had thought the bellying of the 
Sail, had made the Ship go faſter. 

B. But it does not; only ina fore-wind 
it hinders Jeaſt. 

A. By this reaſon a broad thin Board 
| ſhould make the beſt Sail. 

B. You may ealily foreſee the great in- 
commodities of ſuch aSail, But I have ſeen 
tryed in little what ſuch a Wind can do 
in ſuch a caſe. For I have ſeen a Board 
ſet upon four truckles, with a ſtaff ſet up 
in the midſt of it for a Maſt, and another 
very thin and broad Board faſtned to that 
ſtaff in the ſtead ofa Sail ; and ſo (et as 
to receive the Wind very obliquely, I 


mean ſo as to be within a point of the 
Com- 


"Y 
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Compaſls diretly oppolite to it 3 and (a 
placed upon a reaſonable ſmooth pave- 
ment where the Wind blew ſomewhat 
ſtrongly. The event was firſt, that it ſtood 
doubting whether it ſhould ſtir at all 
or no, but that was not Jong ; and then 
it ran a head extream ſwiftly, till it was 
overthrown by a Rub. 

A. Before you leave the Ship tell me how 
z comes about that ſo ſmall a thing as « 
Rudder, can ſa eaſily turn the greateſt 

ip ? 

B.” Tis not the Rudder only, there muſt 
alſo be a ſtream to do itz you ſhall never 
turn a Ship with a Rudder in a {tanding 
pool, nor in a natural current. 

You mult make a ſtream from head to 
ſtern, either with Oares or wiih Sails : 
when you have made ſuch a ſtream, the 
turning of the Rudder obliquely holds 
the Water from paſling freely; and the 
Ship or Boat cannot go on directly, but 
as the Rudder inclines to the ſtern, ſo will 
the Ship turn, But this is too well known 
to inſiſt upon : you have obſerved , 
that the Rudders of the greateſt Ships 
are not very broad, but go deep into the 
Water, whereas Weſtern Barges, though 
but ſmall Veſſels, have their Rudders 
much broader , which argues that the 
holding of Water from paſhing is the 

E 3 true 
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office of a Rudder : and therefore to a 
Ship that draws much Water the Rud- 
der is made deep accordingly , and in 
Barges that draw little Water, the Rud- 
ders as leſs deep, muſt ſo much the more 
be extended in breadth. 

A. What makes Snow 2 

B. The ſame cauſe which ( ſpeaking of 
Hardneſs ) I ſuppoſed for the cauſe of Ice. 
For the Stream of Air proceeding from. 
That both the Earth and the Sun caſt off 
the Air , - and conſequently maketh a 
ſtream of Air from the Xquinoctial to- 
wards the Poles, paſling amongſt the 
Clouds , ſhaving thoſe ſmall drops of 
Water whereof the Clouds confilt, and 
congeals them as they do the Water of 
the Sea, or of a River. And theſe ſmall 
frozen drops are that which we call 
Snow, 
A. But then how are great drops frozen in- 
to Hailſtones, and that eſpecially ( as we 
/ ſee they are ) in Summer © 

B. It is eſpecially in Summer ; and hot 
weather, that the drops of Water which 
make the Clouds, are great enough; but 
it is then alſo that Clouds are ſooner and 
more plentifully carryed up. &nd there« 
fore the current of the Air ſtrergthned 
between the Earth and the Clouds, be- 


comes more (ſwift ; and thereby freezeth 
the 
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the drops of Water, not in the Cloud it 
ſelf ,, but as they are falling. Nor does 
it freeze them throughly, the time of 
their falling not permitting it, but gives 
them only a thin coat of Ice 3 as is mani- 
felt by their ſuddain diſſolving. 

A. Why are not ſomteimes alſo whole 
Clouds 6. & pregnant and ready to drop, 


frozen into one piece of Ice £ 

B. I belive they are ſo whenſoever it 
Thunders. 

A. But upon what ground do you believe 
# ? | 
B. From the manner or kind of noiſe 
they make, namely a crack 3 which I ſee 
not how itcan poſſibly be made by Wa- 
ter or any other ſoft Bodies whatſoever. 

A. Tes, the Powder they call Aurum 
Fulminans , when throughly warm, gives 
juſt ſuch another crack, as Thunder. 

B. But why may not every ſmall grain 
of that Auruze Fulminans by it ſelf be 
heard, though a heap of them together 
be ſoft, as is any heap of Sand. Salts 
of all ſorts are of the nature of Ice. But 
Gold is diſſolved into Auram Fulminans 
by Nitre and other Salts. And the leaſt 
grain of it gives alittle crack in the fire 
by it (elf. And therefore when they are 
| ſo warmed by degrees, the crack can- 
not chuſe but be very great. 

| E 4 A. 


Fay 


E =p — SOS Ingo. ; 

p 6 Philoſophical Problems. 

% A. Ent before it be Aurum Fulminang 
they uſe 10 waſh away the Salt ( which they 
call dulcifying it, ) and then they dry it 
gemtly by degrees. | 

B. Thatis, they exhale the pure Wa- 
ter that is left in the Powder, and leave 
the Salt behind to Harden with drying. 
Other Powder made of Salts without a- 
ny Gold in them will give a crack as 

reat as Aurum Fulminans. A very great | 
Chymiſt of our times hath written, that 
Salt of Tarter, Salt-peter , and a little 
Brimſtone ground together into a Pow- 
der,and dryed, a few grains of that 
Powder will be made by the fire to give 
as great a Clap as a Muſquet. 

A. Me thinks it were worth your tryal 
foſce what effe® a Quart or a Pint of Au- 
rum Fulgiuans would produce, being put 
znto a great Gun made ſtrong enough on 
purpoſe, and the Breech of the Gun ſet in hot 
Cinders, ſo as to beat by degrees, till the 
Powder fly. 

* B.I ptay youtry it your ſelf 3 Ican-. 
not ſpare fo much Money. 

A. What is it that breaketh the Clouds 
when they are frozen ? 

B. In very hot weather the Sun raiſeth 
from the Sea and all moiſt places abun- 
dance of Water, and to a great height. 
And whilſt this Water hangs over us in 
G2 | Clouds, 


" bo 
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Clouds,:or is again deſcending, it raiſeth 
other Clouds, and it hapens very often 
that they preſs the Air between them, and 
ſqueeze it through the Clouds themſelves 
very violently ; which as it paſles ſhaves 
and hardens them in the manner decta- 
red. 

A. That has already been granted, my 
queſtion is what breaks them 8 
' B. Inuit here take in one ſuppoſition 
more, 

A. Then your Baſen ( it ſeems ) bolds 
#ot all you have need of. , 

B. It may for all this, for the ſuppoſitie 
on I add is no more but this; that what 
internal motion [ aſcribe to the Earth, and 
other the Concrete parts of the World , 

' 1s to be ſuppoſed allo in every of their 
parts how (mall ſoever ; for what reaſon 
1s there to think , in caſe the whole Earth 
have in truth the motion I have aſcribed 
to it, that one part of it taken away, 

the remaining part ſhould love that moti- 
on. If you break a Load-ſtone both 
parts will retain their vertue, though 
weakened according to the diminution of 
their quantity 3 I ſuppoſe therefore in 
every (mall part ofthe Earth, the ſame 
kind of motion, which I have ſuppoſed i n 
the whole: and ſoI recede not yet from 
my Baſcn. 4 
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A: Let it be ſuppoſed, and withall, 
that abundance of Earth ( which I ſee you 
aive at, ) be drawn up together with the 
Water. What then | 

B. Then if many pregnant Clouds 
ſome aſcending and ſome deſcending 
meet together, and make concavities 
between, and by the preſling out of the 
Air, as I have ſaid before, become Ice 3 
thoſe Atomes (as I may call them ) of 
Earth will be by the ſtraining of the Air 
through the water of the Clouds, be left 
behind, and remain in the Cavities of the 
Clouds, and be more in number then for 
the proportion of the Air therein. There- 
fore for want of liberty they mult needs 
Juſtle one another, and become (as they 
are more and more {trejghtened of room) 
more and more ſwift, and conſequently 
at laſt break the Ice ſuddenly and violent- 
ly, now in one place, and by and by in 
another z and make thereby ſo many 
claps of Thunder, and (o many Flaſhes 
of Lightning. For the Air Recoiling up- 
on our Eyes, is that which maketh thoſe 
Flaſhes to our Fancy, 

A. But I have ſeen Lightning in a very 
cleger Evening, when there has been weither 
Thunder ner Clouds. 

B. Yes 1n a clear evening; becauſe 


the Clouds and the Rain were below the 
Horiſon, 
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Horiſon, perhaps 40 or 50 Miles off ; ſo 
that you could not ſee the Clouds nor 
hear the Thunder. | 
A. If the Clouds be indeed Frozen into 
Tee, I fhall not wonder if they be ſometimes 
alſo ſo ſcituated, as (Ike Looking-Glaſſes ) 


to make ws ſee ſometimes three or more Suns 


by RefraFion and Refleion. 
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CHAP, VIL 
Problems of M otion Perpendicular, Ob- 


ligne ; of Preſſaon end Percuſſion ; Re- 


iov and Refraftion:; AttraFion and 

VF a Bullet from a certain point given: 

5c bot againſt a wall Perpendicularly 

and again from the ſame Point Oblique, 

What will be the proportion of the Forces 
wherewith they urge the wall ? 

For Example, It the wall be A B, 2 
point given E, a Gun CE that carries the 
Bullet Perpendiculatly to F, and another 
Gun D E that carries the like Bullet with 
the ſame ſwiftneſs Oblique toG ; In what 
proportion will their Forces be upon the 

| Wall? 


B. The force of the ſtroke Perpendi- 


cular from E to F will be greater then 
the 
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the Oblique force from E to G, 1n the 
proportion of the line E G to the line 
E F. | 

A. How can the differecce be ſo much £ 
Can the Bullet loſe ſo mmch of its force 
in the way from EtoG e | 

B. No we will ſuppoſe it loſeth no- 
thing of its (wiftneſs. But the caule is, 
Fhat their ſwiftneſs being equal , the 
one 1s longer in coming to the wall then 
the other, in Proportion of Time, as 
EG to EF: For thgugh their ſwiftnels 
be the ' ſame, conſidered in themſelves, 
yet the (wiftneſs of their appreach to the . 
wall is greater. in EF theninE G, in 
proportion of the lines themſelves. 

A. When a Bullet enters not, but re 
bounds from the wall, does it make the 
Same Angle going off, which it did falling 
0#, as the Sun-beams do 2 

B. If you meaſure the Angles clofe 
by the wall there difference will not be 
enſiblez otherwiſe it will be great e- 
nough, For the Motion of*the Bullet 
grows continually weaker. But it is not 
ſo with.the Sun-beams which preſs con- 
tinually and equally. Hh "Pp 

A. What is the cauſe of Refle@ion £ 
When a body can go no further on, it has 
loit its Motion. IWhence then comes the 
Motion by which it reboundeth £ - 
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B: This Motion of rebounding or re- 
fleting proceedeth from the reſiſtance. 
There is a difference to be conſidered 
between the ReffeQtion of Light, and 
of a Bullet, anſwerable to their different 
Motions, preſiing and ſtrjking.' For the 
action which makes Reflection of Light, 
is the Preſſure of the Air upon the Re- 
flecting Body, cauſed by the Sun, or 0- 
ther ſhining body, and 1s but a contra- 
ry endeavour; as if two men ſhould 
preſs with their breaſts upon-the two ends 
of a Staff, though they did not remove 
one another, yet they would find in 
themſelves a great diſpoſition to preſs 
backward upon whatſoever is behind 
them, though not a total going out of 
' their places. Such is the way of Refle&t- 
ing Light. Now, when the falling on of 
the Sun-beams is Oblique, the ation of 
them is nevertheleſs Perpendicular tothe 
Superficies it falls on. And therefore the 
Refleing Body, by reſiſting, turneth 
back that Motion Perpendicularly , as 
from F to E, but taketh nothing from 
the force that goes on parallel in the line 
of E H; becauſe the Motion never 
preſſes. And thus of the two *Motions 
from F to E, and from E to His a com- 
pounded Motion in the line F H, which 
maketh an Angle in B G, equal to the 
Angle F G E. But 
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But in Percuſſion ( which is the Mo» 
tion of the Bullet againſta wall,) the 
Bullet no ſooner goeth off then it loſeth 
of its (wiftneſs,and inclineth to the Earth 
by its weight, So that the Angles made 
in falling on and going off, cannot be 
equal, unleſs they be meaſured cloſe to 
the point where the ſtroke 1s made. 

A. If a man ſet 2 Board npright upon 
its edge, though it may very eafily be caif 
down with a little Preſſure of ones finger, 
yet a Bulletfrom a Musquet fhall not throw 
it down but go through it. What is the 
cauſe of that £ 

B. In preſſing with your finger you 
ſpend time to throw it down. For the 
Motion you give to the part you touch is 
communicated toevery other part before 
it fall. For the whole cannot fall till 
every part be moved. But the ſtroke of 
a Bullet is ſo ſwift, as it breaks through 
before the Motion of the part it hits can 
be communicated to all the other parts 
that mult fall with it. 

A. The ſtroke of a Hammer will drive a 
Nail a great way into 4 piece of Wood on 
« ſudden, What weight laid upon the head 
of a Nail, and in how much time will do 
the ſame ? It is a queſtion I have heard 
propemnded amonit Naturalifts, 

B. The diftetent manner of the ope- 
| ration 
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ration of weight from the operation of 
a ſtroke, makes it uncalculable. The 
ſuddenneſs of the ſtroke ngon one point 
of the wood takes away the time of re- 
ſiſtance from the reſt. Therefore the Nail 
enters ſo far as it does. But the weight 
not only giyes them time, but alſo aug- 
ments the reſiſtance ; but how much, 
and in how much time, 13 (Ithink) im- 
poſitble to determine. 

A. What is tbe difference between Re- 
fleFion and Recoiling © 

B. Any Reflection may { and not un- 
properly) be called recoiling ; but not 
contrartwiſe every Recoiling RefleQion. 
Reflection is always made by the Re-acti- 
on of a Body preſt or ſtricken, but Re- 
coiling. not always. The Recoiling of a 
Gun is not cauſed by its own preffing up- 
on the Gun-powder, but by the force of 
the Powder it ſelf, inflamed and moved 
every way alike: | 

A. I had thought it had been by the 
ſudden re-entring of the Air after the flame 
and Bullet were gone ont. For it is impoſſible 
that ſo mnch room. as is left empty by the 
diſcharging of the Gun, ſhould be ſo ſud- 
denly filled with the Air that entereth at 
the Tonch- hole, 

ZB. The flame 1s nething but the Pow- 


der it ff, which ſcattered into its _ 
c 
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leſt parts ſeems, of greater bulk by much, 
then in truth it is, becauſe they ſhine. 
And as the parts ſcatter more and more, 
ſo ſtill more Air gets between them, en- 
tring not only at the Touch-hole, but al- 
ſo at the mouh of the Gun. which two 
ways being oppoſite, it will be much too 
weak to make the Gun Recoil. 

A. T have heard that a great Gur char- 
ged too much or too little, will Shoot ( not 
above, nor below but ) beſ des the mark; 
and charged with one certain charge he- 
tween both will hit it. 

B. How that ſhould be I cannot ima- 
gine. For when all things in the cauſe are 
equal, the effes cannot be unnequal. As 
{con as Fire 1s given, and before the Bul-, 
let be out, the Gun begins to, Recoil. If 
then there be any unevenneſs or rub in 
the ground more on one fide then on the 
other, it ſhall ſhoot beſides the mark, 
whether too much, or too little, or juſtly 
charged; becauſe if the line wherein the 
Gun Recaileth decline, the way of the 
Bullet will alſo decline to the contrary 
fide of the mark. Therefore I can ima- 
gine no cauſe of this event, but either in 
the ground it Recoils on, or in the une- 
qual weight of the parts of the Breech, 

A. How comes Refratins © 

B. When' the action is in a line Per- 
pendicular 
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pendicular to the ſaperficies of the Body 
wrought upon, there will be no Refradti- 
on at all. The aGtion will procced ſtill in 
the ſame ſtraight Line, whether it be Pre(- 
fion as in Light, or in Percuffion as in 
the. ſhooting of a Bullet. Burt when 
the Preſton is Oblique , then will the 
Refracion be that way which the Na- 
ture of the Bodies through which the 
Action proceeds ſhall determin. 

H. Flow is light Refraded ? 

B. It it ol through a Body of 
leſs, into a Body of greater refiltance ,. 
and to the Point of. the Superficies it 
falleth on, you draw a Line Perpen- 
dicular to the ſame ſuperficies, the 
AGion will proceed notin the (ame Lige 
by which it fell on; but in another 
Line bending toward that Perpen- 
diculare. 

A. What is the reaſon of that 2 

B. [told you before, a the falling on 
worketh only in the Perpendicular 5 
Bu as ſoon 2s the Action proceedeth tut- 
ther inward then a meer touch, it worketh 
partly inthe Perpettdicular, and partly 
forward, and would proceed in the 
ſame line in which it fell on, but for 
for the greater reſiſtance which how 
weakneth the Motion forward, and 
Tnakes it to inclitie towards the Perpen- 
dicular, F A, 
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A. In tranſparent Bodies it may be ſo ; 
bat there be Bodies through which the 
Light cannot paſs at all. 

B. But the Adtion by which Light is 

made, paſleth through all Bodies. For 
this Action is Prefſion; and whatſoever 
1s preſt, prefleth that which is next be- 
hind, and fo continually. But the'cauſe 
why there is no Light ſeen through it, is 
the uneveneſs of the partswithin, whereby 
the Adtion is by an infinite number of 
Refledtions ſo diverted and weakned, 
' that before it - hath proceeded through , 
_ It hath not ſtrength left towork upon 
the Eye ſtrongly enough to produce 
fight  - 
' A. Jf the Body being tranſparent the A@i- 
on proceed quite throngh, into a Body again 
of leſs refiſtance, as out of Glaſs into the 
Air, which way ſhall it then proceed in 
the Air® SEE 

B. From the Point where it -goeth 
forth, draw a Perpendicular to the ſu- 
perficies of the Glaſs, the Action now 
freed from the reſiſtance it ſuffered; will 
go from that Perpendicular, as much 
as it did before come towards it. 

A. When a Bullet from out 'of the Air 
entreth into a Wall of Earth, will that al- 
Jo be Refrafed towards the Perpendicn. 
day 2. M0 | fy 


Philoſophical Problems. 67 
B. It the Earth be all of one kind, it. 

' Will. For the. paralle] Motion, will there - 
alſo at the firſt entrance be reſiſted , 
which it was not before it entred. 

A. How then comes a Bullet, when ſhot 
very Obliquely into any broad W, ater, and 
mowing extred, yet to-riſe, _ into the 
Air £ 

B. When a Bullet is thor very - Obs 
liquely, though the Motion be never 
ſo ſwift, yet approach downwards to 
the Water is very flow, and when it 
cometh to it, it cafteth up much Wa- 
ter before it, which with its weight 
preſſeth downwards again, and maketh 
the Water to riſe under the Bullet with 
force enough to maſter the weak Moti- 
on of theBullet downwards, and to make 
it riſe in (ſuch manner as Bodies uſe to 
riſe by Reflection. . 

A. By what Motion ( ſeeing you aſcribe 
all E Gelhs to Motion) can a Load- ſtone 
draw Iron toit ? 

B. By the fame Motion hitherto ſup- 
poſed. But though all the (malleſt parts 
of the Earth have this Motion, yet it 
15 not ſuppoſed that their Motions are 
in equal Circles ; nor that they keep 
juſt time. with one another; nor that 


_. they have all the ſame Poles. If they 


had, all Bodies would draw one ano:her _ 
F 2 a5 
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alike. For ſuck an agreement of Matis 
on, of, Way, of Swiftneſs, of Poles , 
cannot be maintained without the con» 
junf&ion of the Bodies themſelves in the 
Center of their common Motion, but 
by violence. 

| If therefore the Troz have but ſo much 
of the Nature pf the Load-ſtowe as re- 
dily to receive from it the like Motion, 
as one String of a Zyxte doth from another 
String. ſtrained to the ſame Note ( as 
it is hke enough it hath, the Load-ſtoze 
being but one kind of 7roz Ore ) it 
mult needs after that Motion received 
from it, (unleſs the greatneſs of the 
weight hinder ) come nearer to it, be- 
caule, at diltance their Motions will differ 
in time, and oppoſe each other where- 
by they will be forced toa common Cen» 
ter. If the Jroz be lifted up from the 
Earth, the Motion of the Load-ftone 
muſt be (tronger, or the Body of it near- 
er, to overcome the Weight 3 and then 
the Troz will leap up tothe Load-ſtone as 
as $wittly as from the ſame diſtance , 
it would fall down to the Earth ; but if 
both the Stowe and the ror be (et float- 
ing upon the Water, the attraction will 
tegin to be manifeſt at a greater diftance, 
becauſe the hindragce' of the weight is 
13 part removed. 


A. 
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A. But why does the Load-(tone if ## 
float on a Calm Water, never fail to place it 
\ felf at laſt. in the Meridian jui# North 
and South. 

B. Not ſo, juſt in the Meridian, but 
almoſt in all places with ſome variations. 
But the cauſelI think is, that the Axis of 
this Magnetical Motion is parallel to the 
Axis of the Ecliptique, which is the Ax- 
Is of the like Motion in the Earth, 
and -con(equently that it cannot freely 
exerciſe its Natural Motion in any other 
Scituation. 

A. Whence may this conſent of Motion 
in the Load-ſtone and the Earth proceed? 
Do ,zon think ( as ſome have written ) that 
the Earth is a great Load-ſtone £ 

B. Dr. Gilbert that was the firſt that 
wrote any thing of this Subject ration-- 
ally, inciines to that opinion. Decartes 
thought the Earth ( excepting this upper 
cruſt of a few Miles depth) tobe of the 
ſame Nature with all other Stars, and , 
bright, For my part 1 am content to be 
ignorant 3 but I believe the Load SFone 
hath given its virtue by a long habitude 
in the Mine, the Vein of itlying in the 
plain of ſome of the Meridians, Or 1a- 
ther of ſome of the great Circles that paſs 
through the Poles of the Echptique , 


Which are the ſame with the Poles of 
F 3 the 
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the ikke Motion ſuppoſed 1a the Earth. 

. A. If thatbe true, 7 need not ah why 
the filings of Iron laid on a Load-ſtone 
equ.ully diſtant from its Poles will lie parat- 
lel to the Axis , but one each ſide incline 
fo the Pole that is next it. Nor why by 
drawing a Load-fions all a long a Need 
of Iron, the Needle will receive the ſame 
*Poles. Nor why when the Load-ſtone and 
iron ( or two Load-ſtones ) are pat together 
floating upon Water, will fall on? of them a 
Stery of the other , that their like parts may 
look ihe ſame way , and their unlike touch, 
in which AFion they are commonly ſaid to 


Repel one another. For all this may be 


deriv'd from the union of their Motions. 
Ove thing more I deſire to know, and that 
7s What arethoſe things they call Spirits? 
Tzean Ghoſts, Fairies, Hobgoblins, and 
the like Apparitions. ; 
| B. They are no part of the Subjed 
of Natural Philoſophy. | 
* A. That which'in all Ages, and all places 
is commonly ſeen ( as thoſe have been, un- 
leſs a great part of Mankind by Lyers ) 
cannot , I think, be ſupernatural. _ 

B. All this that I have h tierto ſaid, 
though upon better ground than can be 
had for a diſcourſe of Ghoits, you ought 
to take but for a Dream. 


A: 


' 
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A. IT do ſo. But there be ſome Dreams 
more like ſenſe then others. And that which 
is like ſenſe pleaſes me as well ( in natural 
Philoſophy ) as if it were the very truth. 

B. I was Dreaming alſo once of theſe 
things ; but was weakened by their noiſe. 
And they never came' into any Dream 
of mine ſince, unleſs Apparitionrs 1n 
Dreams and Ghoaſts be all one. 


6 — _ — 


CH AP. VIIL 


The Delphique Problem or Duplica- 
© tion of the Cube. 


A. Ave yon ſeen a Trinted Paper 
ſent from Paris, containing 

the "Duplication of the Cube , written in 
French ? 
 B. Yes. It wasT that Writ it, and ſent 
it thither to be Printed, - on purpoſe to 
ſee what objetions would be made to it 
by our Profeſſors of Algebre here. 

A. Then you have alſo ſeen the conſuta- 
trons of it by Algebra. 

B. I have ſeen (ume of them 3 and 
, have one by me. For there was but one 
that was rightly Calculated, and that 
is it which I have kept. 


F'4 A; 
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A. Tour Demonſtration then is confuted 
though but by one. 
SB. That does not follow. For though 
an Arithmetical Calculation be true in 
Numbers, yet the ſame may be, or rather 
mult be falſe, if the Units be not con- 
{tantly the ſame: | 
A. Is their Calculation ſo incouſtant, 
or rather ſo fooliſh as you make it?8=—_ 
_ B. Yes. For the ſame number 15 ſome- 
times ſo many Lines, ſometimes ſo many 
Plains, and ſometimes ſo many Solids; 
as you ſhall plainly ſee, if you will take 
the pains to. examine firſt a Demonſtra- 
tion I have toprove the ſaid Duplication, 
and after that, the Algebrique Calculation 
which is pretended: to confure it, And 
not only that this one is falſe, but alſo 
any other Arithmetical account uſed in 
Geometry, unleſs the numbers be always 
ſo many Lines, or always ſo many fuper- 
ticies, or always many ſolids. 
A. Let me ſee the Geometrical Demon- 
ſtration, | 
- B. Thereitis: Read it. 


To find a Cube double to a Cube given: 


Et the fide of the Cube given. 

be V D. Produce V D to A, till 

& D be double toD V. Then m—_ 
| POR 2 
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the ſquare of A D, namely A B CD. 
Divide A Band CDin the middle at 
E and F. Draw E F. Drawalſo A C 
cutting E Finl. Thenia the (ides B C 
and A D take BRandA S each of 
them equal to AI or I C. 

Laſtly, divide $ D in the middle at 
T, and upon the Center T, with the 
diſtance T Y, deſcribe a ſcmi-circle 
cuting ADin Y, and D CinX. 

I fay the Cube of D X is double ta 
the Cube of D V. For the three lines 
DY, D X, DV arein continual pro- 
portion. And Cntinuing the lemi-cir- 
cleVX Y till it cut theline R S drawn 
and produced in Z, the line SZ, will 
be equal to D X. And drawing X Z it 
will paſs through T. And the four lines 
TV, TX,T Y and T Z will be equal. 
And therefore joyning Y X and Y Z, 
the Figure V X YZ will bea Rectan- 
gle. | 

Produce C Dto Plo as D P be equal 
to A D. Nowif Y Z produced fall on 
P, there will be three Recangle equi- 
angled Triangles, DPY, D YX, and 
DX V; and conſequently fuur con- 
tinual proportionals, D P, D Y, DX: 
and D V, whereof D X is the leaſt of 
the means. And therefore the Cube of 
D X will be double to the Cube of 
DV. A. 
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A. That's true; and the Cube of D 
Y will be double to'the Cube of DX; and 
the Cube of D P donble to the Cube of D Y. 
But that Y Z produced, falls upon P, is the 
thing they deny, and which you ought to 
demonſtrate. 
. If Y Z produced fall not on P, 
then draw Þ Y, and from V let fall a 
perpendicular uponP Y, ſuppole at x. 
Divide PV inthe midlt at 4, and joyn 
an; Which done 4 # will be equal to 
a V- or @ P. For becauſe Va Pisa 
right Angle, the point # will be in the 
ſemi-circle whereof P V is the Dia- 
meter. : 
Therefore drawing V R, the Angle 
_ « V R will bearight Angle.” 
A. Why fo? 
B. BecauſeTVand T Yare equal; 
and T D, T Sequal; $ V will alſobe 
* equalto DV. And becauſe DP and 
R Sare equal and paralle), R Y will be 
equal and parallel to P V. And there- 
fore VR andPY that joyn them will 
be equal and parallel. And the Angles 
Px V, R V # will be alternate, and. 
conſequently equal. But P # V. is a 
right Angle; therefore alſo RV » will 
be a right Angle. 
A. Hitkerto all is evident. - Proceed. 
; £. From the point Y raiſe a perpen- 
dicular 
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_ dicular cutting V R- whereſoever in 
z, and then (becauſeP Y and V R 
are parallel) the Angle Y 2 V will be 
_ a right Angle. And the figurewY #V 
a Reftangle, and x # equal to Y V. But 
YV is equal toZ X; and therefore Z 
X 15equal to x #. And x # muſt paſs 
through the point T ( For the Diame- 
ters of any Rectangle, divide each 0- 
ther in the middle) therefore Z and 
# are the ſame point, and X and # the 
ſame point. Therefore Y Z produced 
falls upon P. And'D X is the leſſer of 
the two means between A D and D V. 
And the Cube of DX double to the 
Cube of D V which was to be: de- 
moltraten: 

A I cannot imagine what fault there 
can be in this Demonſtration, and yet 
there is one thing which ſeems a little ſtrange 
to me. And 'tis this. Tou take BR, which 
is half the Diagonal, and which is the ſine 
of 45 degrees, and which is alſs the mean 
proportional between the two Extreams. 
And yet you bring none of theſe proprieties 
' into your Demonſtration. So that though 

you argue ſrom the Conſtrution, yet you do 
not argue from the Canſe. And this per- 
haps your adverſaries will objef# ( atleaſt ) 
againſt the Art of your Demonſtration, or 


enquire 
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enqure by what Inch, you pitched upon half 
the Diagonal for your Foundation. 

B. 1 ſee you let nothing paſs. But for 
an[wer you muſt know, That if a man 
argue from the negative of the truth, 
though he know not that it is the truth 
which is denyed, yet he will fall at laſt, 
after many conſequences, into one abſur- 
dity or another, For though falſe daof- 
ten produce Truth, yet it produces allo 
abſurdity, as it hath done here, But 
Truth produceth nothing but Truth. 
Therefore in Demonſtrations that tend to 
abſurdity, it is no good Logick to require 
all along the operation of the cauſe. 

A: Have you drawn from hence no 
Corollaries 2 | | 
B. No. I leave that for others that 
will 3 unleſs you take this for a Corollary, 
That, what Arithmetical Calculation ſo- 

ever contradicts it, 1s fal(e. 
A. Let me ſee now the Algebrical De- 
wonitration againit it. 
B. Here 1t 1s. 
mp5 nach be equal to — 2 
hen DF or DV js equalto-- 1 
 AndBRor ASisequalto C_ 
whe ſquare root of n 
And A V equal to — 
want the ſquare root of 2. 
The Cube of AB is equal to -- 8 
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The Cube of D Y is equal to---45 

wart the Square Root of 1682 

that is almoſt equal to——4 
For 45 wantthe SquareRoot 4 

of 6681 1s equal to _— 

Therefore D Yi is a little leſs then the 

greater of the ewo Means between 
AD and DV. 

A. There is I ſee ſome little difference 
between this Arithmetical aud your Geo- 
metrical Demonſiration. And though it 
be inſenſible, yet if his Calculation ras oy 
yours mu needs be falſe, which I am ſare 
cannot be. 

B. His Calculation is ſo true, that 
there is never a Propdſition 1n it falſe, 
till he come to the concluſion, that the 
Cube of DY. is equal to 45 , want the 
ſquare, Root of 1682. But that, and the 
reli, is falſe, 

A. T ſhall eaſily ſee that A D. is certein- 
> whereof DV. 3s 1, and AV. is cer- 
tainly 3, whereof DV. 3s 1. 

B. Right. 

A. Azd BR. is without donbs the 
ſquare Root of 2. 

B. Why, what is2 ? | 
A. 2, is the Line AD. as being dow- 

ble to DV. which is 1. 

B. And fo, the Line B R. is the ſquare 
Root of the Line AD. 

A. 
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A. Out upon it it, it s abſurd. Why do 
you grant it to be true in Arithme- 
tick ? 

B. In Arithmetich the numbers conſiſt 
of ſo many Units ; and are never conſ1- 
dered there as nothings. And therefore 
every one Line has ſome Latitude, and 
if you allow to BI. the Semi-diagonal 
the ſame Latitude you doto AB. or to 
BR. you will quickly (ee the Square of. 
halt the Diagonal to be equal to twice 
the Square of half AB._ IEP 
 - As Well, but ther your Demonſtration is 
20t confuted ; for the Toint Y, will have 
Latitude enongh to take in that little dif- 
| ference which is between the Root of 1681 
and the Root of 1682. This putting off an 
Unit ſometimes for one Line , ſometimes 
for one Square, muſt needs marr the reckon- 
ing. Again he ſays the Cube of AB: is e- 
qual to 3. but ſeeing AB. 3is2, the Cube 
of A B. zwuiF be juſt equal to four of its 
own ſides ; ſo that. the Unit which was he- 
fare ſometimes a Line, ſometimes a Square, 
35 20w @ Cube. | 

B. It canbe no otherwiſe when you 
ſoapply Arithmetick to Geometry, as to 
mumber the Lines of a Plain, or the Plains 
of a Cube. - | 

A. In the next place, I find that the 
Cube of DY. is equal to 45, want the 


Square 
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Square Root of 1622. What is that 45 ? 
Li es , or Squares, or Cnbes 2 

B. Cubes , Cubes of D V. 

A. Then if you add to 45 Cubes of DV. 
the Square Root of 1682, the. ſums will be 
45 Cubes of DV. And if you add to the 
Cube of D Y. the ſame Root of 1682, the 
ſum will be the Cube of DY. plus the 
Square Root of 1682. And theſe two ſums 
muſt bevqual. 

B. They muſt fo: 

A+ Bt the Square Root of 1682, being 
a Line, adds nothing to a Cube ;, therefore ' 
the Cube alone of D Y. which he ſays is e- 
qual almoſt to 4. Cubes of DV. 3s equalts 
4.5 Cubes of the ſeme DV. 

B. All theſe impoflibilities do neceſ- 
farily follow the confounding of Arith- 
metick and Geometry. | 

A. Ipray you let me ſee the Operation by 
which the Cybe of DY. ( that is the Cube of 
3, want the Boot of 2, ) is found equal to 
45, want the Square Root of 1682: 
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A detettion of the abſurd uſe of Avrivh- 
metick as it 18 naw applyed to Geo- 
metry | 


B. Here it is 
' g—_—— 2; 
ZZ——r 2, 


ms, 


—£,19 wa2t * 
—— 18 


g9—vr. 72 + 2 
Z=——=x. 23 
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27-—»#. 648 + 6 


27---r.. 658-=-r. I62Þe18---7. 8c 
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A. Why for two Roots of 18 do you pub 
the Root of 72. 
B. Becauſe 2 Roots of 18 is equal to 
one Root of 4 times 18, which is 72, 
A. Next we have, That the Root of 2 
Maultiplyed into 2, makes the Root of 8. 
How is that true 2 
B. Does it not make 2 Roots of 2 ? 
And 1s not. B R. the Root of 2, and 2 
BR equal to the Diagonal 2 And is = 
tne 
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the diagonal the root of a ſquare equal to 
8 s WC} of DV? 

'Tis true. But here the root of 8 is 

put We the Cube of the root of 2. Can a 
line be equal to a (ube & 

' _ B. No. But here we are in Arith- 

_ again, and & is a Cubique num- 

r, 

A. Flow does the root of 2 wmltiplyed 
into the root of 72 make 12 £ 

B. Becauſe it makes the root of 2 
times 72, that 1s to. ſay the root of 144 
which 1s 12. 

Fn How does 9 roots of 2 make the rood 

162 ? 

7B. Becauſe it makes the root of 2 
ſquares of 9, that is the root of 162. 

A. How "does 3 rooly "of 72 make the 
root bof 643 ? | 

B. Becauſe it makes == r9ot of 9 times 
72, that i is of 648. 

A. For the tatal Sum T ſee 27 and 18 
which make 45 Therefore the root of 648 
zogether with the roof of 162mand of 8, 
which are tabe deduFed from 45, ought to 
be equal ta the root o f 1682. 

B. So they are. Y For 643 multiplyed 
by 162 makes 104976 of which the dou- 


ble root is —— — —— 648 
and Lua and 162 added together inks 
- 810. 


- vw cc. _ _ — — — 
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Therefore the root of 948, added t 
the root of 162 makes the root of--C" 1459 
Again r458 into 8' is 11664, The dou- 
ble root whereof is — —216, 
The Sum of 1453 and 8 added toge- 
ther is —————- ——— 1466. 
The Sum of 1466 and 216 is 1682, and 
the root, the root of — — 1682; 

A, IT fee the the Calculation in numbers 
7s right, though falſe in lines. The reaſorx 
whereof can be no other then ſome difference 
betweert multiplying numbers into lines or 
plains, and multiplying lines into the ſame 
lines or plains. | 

B. The difference is manifeſt. For when 
you multiply a number into lines, the 
produ@ is lines ;' as the number 2 mnl- 
tiplyed" into 3 lines is no more then 3 lines 
2 times told. But if you multiply lines in- 
to lines you make plains, and if you multi - 
Ply lines into plains you make folid bo- 
dies.” In Geometry there are but three 
dimenſions, Length,Superficies, and Body. 
In Arithmefick there is but one, and thee 
. Is Number or Length which you will. 

And though there be ſome Numbers cal- 
led Plain, others Solid, others Plaro-folid, 
others Square, others Cubique, others 
Square-ſquare, others Quadrato- cubique, 
others Cubi-cubique | ec. yet are all 


theſe but one dimenſion, namely w: 
cr 
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ber, ora file of things Numbered. 

-A- But ſeeing this way of Calculatioj: 
by Numbers is 7 apparently falſe, what is 
#h & reaſons, this Calcmletion came ſo near 
th truth. | 

B. tis becauſe in Arithmetick Units 
are not Nothings , and therefore have 
breadth. And therefore many Lines ſet 
together make a ſuperficies though their 
breadth be inſenſible. And the greater 
the number is into which you divide 
your Line , the leſs ſenſible will be your 
EITOUT. | 

A. Archimedes, to find a fireight Life 
equal ts the circumferrence of a Circle, uſed 
this may of extrating Roots. And tis the 
way” «lſo by which the Table of Smnes, Se- 
cants aud Tangents have been caltulated, 
Are they dll Cut 2 Ter 

. B. As for Archimedes , there 1s no 
man that does more admire him then1 
do; But there is no man that cannot 
Err: His reaſonihg is good. But he ads 
all other 'Geometricans before and after 
him, have had two Principles that croſs 
one another when they. are applyed to 
one and the ſame Science. One 1s, that 
a Point is no part of a Line whichis true 
in Geometry, where a part of aLine 
when it 15called a Point, is not reckon- 


ed 5 another is, that a Unit 1s part of a 
G 2 Nums 
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Number which is alſo true ; but when 
they reckon dy Arethmetick in Geome- 
try, there a Unit is ſomtimes-part of a 
Line, ſometimes a part of a Squate, and 
ſometimes part. of .a Cube. 
| As for the Table of Hes, Secants and 
Tangenis, larh not the firſt that find fault 
with them. Yet I deny not but they are 
true enough for the reckoning of Acres 
in a Map of Land. 
| A. What a deal of Labour has been loſt 
by theme that being Profeſſors of Geometry 
have read nothing elſe to their Auditors but 
fuch fluff as this you have here ſeen. And 
ſome of them have written great Books ofit 
_ in ſtrange charatters, ſuch as in tronbleſome 
times,” 4 man would ſuſpe# to be a Cypher. 
B. I think you have ſeen enough to 
ſatisfle you, that what I have written 
heretofore” concerning the Quadrature 
of the Circle, and of other Figures made 
in imitation of the Parabola, has not. 
been yet confuted, * i#Þ: 
| A. Tſeeyou have wreſted ont of the hauds of 
cur Antagoniſts this weapon of Algebra, ſo as 
they can never make uſe of it again. Which 1 
conſider as 4 thing of much more v0 
tothe ſcience of Geometry, then either of the 
Duplication of the Cube,or the finding of two 
mean Proportionals, or the Quairatnre of 4 
Cercle , or all theſe Problems put to; ether. 
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